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newspapers, periodicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language
sources are translated; those from English-language sources
are transcribed or reprinted, with the original phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.
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ANNOTATION

[Text] The book describes the theoretical principles of methods for inter-
pretation of the soil cover from its image on photographs from aerial and

space surveys of the earth's surface. The use of materials from multizonal
and multispectral surveys for the study of soils is discussed for the first

time.

Preface

This book presents the first experience in a monographic generalization of
materials from aerospace surveys for the study of scils. As a result of
the vigorous development of space research methods in the USSR, United
States and other countries a number of new directions have appeared in
this field: space meteorology, aerospace geology, space cartography, space
geography and others having as their objective the further investigation
of the natural resources of our planet.

in an investigation of the earth's resources an important role is played
by materials supplied by automated artificial satellites, menned space-
ships and orbital stations. A full range of photographic and television
systems and methodological procedures has now been developed for surveying
the earth's surface using aerial and space vehicles with subsequent visu-
al-instrumental and optical-electronic processing of the collected mater-

ials.

In the near future the use of aerospace remote methods will make it pos-
sible to solve many problems in the quantitative and qualitative inventory
and study of the soil resources of the USSR. This monograph will be of
assistance in solving these problems. It gives an analysis of methodolog-
ical procedures for the study of the soil cover from the "Meteor" experi-
mental satellites, "Soyuz" spaceships and "Salyut" orbital stations. The
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" ‘possibilities of the MKF-6 camera ('Raduga" experiment) for an aerospace
multizonal survey are demonstrated.

of black-and-white, spectrozonal, -multizonal and multispectral aerial and
space photographs for studv of the soll cover and also data from infrared,
radiocthermal and radar surveys for soil-agricultural purposes. .

‘ The author presents the results of many years of investigations of the use

V. V. Yegorov, Academician All-~Uniou Agri-
cultural Academy

Yu. A. Liverovskiy, Doctor of Geographical
- and Agricultural Sciences
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INTRODUCTION

At the present time the attention of Soviet and foreign researchers is be-
ing given to the use of aerospace materials for study of the soil cover.

In the "Principal Directions for Development of the USSR National Economy
in 1976-1980" the need was pointed out for the expansion of research with
the use of space vehicles in studying the earth's natural resources. Re-
mote aerospace methods are objective high-speed automated systems for the
collection and processing of information on the state of soills, agricul-
tural fields and sown areas. The control of agricultural production can
be organized more effectively on this basis.

One of the naw directions in the field of use of aerospace methods for the
study of soils and sown areas of agricultural crops is the development of
multizonal and multispectral aerial and space surveys. In this method one
and the same sector of the earth's surface is photographed simultaneously
in several narrow spectral ranges. As a result photographs are obtained
which carry the maximum information concerning the soil cover and agri-
cultural crops.

The use of infrared photographic, photcelectronic and radar surveys is high-
ly promising in agriculture (for studying the snil cover and sown areas).

A radar survey can be used in the absence of visibility (through clouds

and even at nighttime). Using radar photographs it is possible to inter—
pret moisture content, some structural elements and the diversity of the
soil cover, the makeup of the upper horizons and the types of agricultural
crops.

A space survey of the soil cover and sown areas of agricultural crops, in
comparison with an aerial survey, for the first time is making it possible
to see soils and agricultural crops objectively simultaneously over ex-
tensive areas, individual mountain systems and the vertical zonality of

the soil-vegetation cover and the nature of irrigation and drainage systems
as a whole. Another important characteristic of a space survey is that

on space photographs there is an objective generalization of the soil
cover; in addition, these photographs make it possible to interpret the
soil cover in individual, frequently inaccessible regions. The use of

space materials will assist in a more thorough study of soils.
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One of the principal and fundamental characteristics of a survey from
space is the routineness in the collection of information on the state
of the soil cover, the nature of snow melting, the development of eros-
ional processes and the state of agricultural crops at a national scale.
Still another characteristic of a space survey is the possibility for a
rapid repetition of the survey. This is especially important for judging
rapidly developing dynamic soil-agricultural processes transpiring at
the earth's surface.

- Aerospace (remote) methods, with the use of corresponding detectors carried

on flight (air and space) vehicles, on the one hand register the reflec-—

- tion of sunlight frum soils and vegetation, and on the other hand, detect
the characteristic radiation of the soil-vegetation cover of the earth's
surface,

The use of aerospace methods is based on the fact that the absorption, emis-
sion, scattering and reflection of electromagnetic energy by different soils
and sown areas is selective and specific for each soil and agricultural
crop.

_ The interpretation of the soil cover is carried out on the basis of its im=-

age on aerial and space photographs, including multizonal photographs.

Studies are made of the Interpretability and possibility of using aerospace

photographs taken in different zones of the electromagnetic spectrum for

- investigating the soil cover and keys are being developed for soil inter-
pretation.

Investigations of soil interpretation in tne field were carried out in the
- territory of the steppe, dry steppe and desert zones of our country.

Investigations in the field of interpretation of the soil cover, agricul-
tural crops and virgin land vegetation have been made using black—~and-
white, color and spectrozonal aerial photographs, multizonal aerial photo-
graphs (green, red, IR zones), obtained using an AFA-39M outfit during the
survey of 1973-1975, multispectral aerial photographs obtained using a
scanner, black-and-white space photographs from the "Soyuz-9," "Salyut-1"
and "Salyut-4," multizonal space photographs from the "Soyuz-12," "Salyut=-
- 4" and "Soyuz-22" and from the "Meteor" experimental satellites.,

In this monograph we alsc give an analysis of foreign black-and-white and
color space photographs from the 'Gemini" and "Apollo" vehicles and multi-
spectral space photographs in four zones of the spectrum from the =RTS
satellite "Landsat," obtained for the territory of the USSR and foreign
countries.

The joint use of aerial and space photographs is the optimum variant for
- interpreting images of the soil cover aund vegetation., The interpretation

of aerial photographs i1s used most successfully in key sectors for study-
ing structural elements of the soil cover. However, in the interpretation
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of space photographs soil scientists meet with a generalized image of the
soil surface. The investigation and interpretation of aerial and space
photographs begin with a preliminary office work period, the importance

of which increases with the use of multizonal photographs and stereoscopic,
optical-electronic and photometric apparatus for the processing of photo-
graphs and films,

The interpretation of aerospace photographs included field surface work
for investigating the soil cover and sown areas of agricultural crops

and checking the results of office interpretation. In the work use was
made of materials from the book of the history of fields, taking into ac-
count data on crop yields. In office and field interpretation, in addi-
tion to data from field investigations, use was made of existing soil and
topographic maps of different scales, plans for the distribution of agri-
cultural crops and materials in the literature.

In the analysis of aerospace materials use was made of the stereoscopic re-
search method, employing a stereoscope and an interpretoscope. The spectral
reflectivity of the soils was measured using air-dried samples, employing
an SF-10 spectrophotometer. In the investigation of aerospace photographs
use was made of an MF-4 microphotometer and the quantitative visual-instru-
mental interpretation method, employing the fwodern "Kvantimet-720" elec-
tronic~optical image analyzer. Chemical analyses of soils were made in the
Mass Analyses Laboratory of the Soils Institute., In addition to experimen-
tal surveys made by the Soils Institute, extensive use was made of mater-
ials from multizonal experimental flights of the Space Research Institute
USSR Academy of Sciences. A considerable part of the space photographs was
furnished by the State Center "Priroda" of the Main Administration of Geo-
desy and Cartography of the USSR Council of Ministers and the State Sci-
entific Research Ceater for the Study of Natural Resources of the USSR
State Committee on Hydrometeorology and Ervironmental Monitoring.
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Chapter 1
HISTORY OF AEROSPACE METHODS FOR STUDYING SOILS

The initial stage in the development of remote methods for investigating
soils is related to the use of aerial surveys. Aerial photographic sur-
veys in soil science, introduced in the 1920's, in a relatively short his-
torical period made an enormous stride forward.

Development and Introduction of Aerial Methods for Study of the Soil Cover
(1927-1950)

The first experimental studies in the Soviet Union on the use of an aerial
survey for soils and agricultural purposes were carried out in the Fergana
valley in 1927.

The importance of an aerial photographic survey as a new method for study-
ing natural resources was outlined by Academician A. Ye. Fersman (1928).
He wrote that an aerial survey gives a precise and objective photographic
image of a territory. It makes it possible to repeat surveys during dif-
ferent periods and ascertain the changes which are introduced by nature
and mar's economic activity in the course of a definite time period. In
1927 in the United States (Bushnell, 1927, 1929) aerial photographs were
used in soil mapping for the state of Indiana. It was established on the
basis of the first investigations that areas of uniform soils could be
discriminated reliably on aerial photographs and then, employing a panto-
graph, could be plotted on a map base.

At approximately the same time attention was given to the use of aerial
methods in Australia (Prescott, Taylor, 1930).

Large-scale soils investigations assumed a broad scale in the USSR during
these years. During the years 1929-1931 alone soil maps at a scale 1:10,000,
1:25,000, 1:50,000 were compiled for a territory with a total area of about
50,000,000 hectares. Materials from aerial photographic surveys began to be
used with increasing frequency in a study of soils. In investigating the
territory of Don River plavni (low areas covered with reeds and trees)
(Levengaupt, 1932) it was found that aerial photographs have a consider-
able advantage over plane-table surveys with plotting of contours. The
aerial photographs clearly depicted all the details of the vegetation
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cover, this being related to the character of the solls to be mapped. As
a result, the boundaries between the s0il varieties were drasm with a high
degree of accuracy.

Among the earliest soll mapping studies with the use of materials from aer-
ial surveys we must also include the soil surveys of Giprovod (State Inst-
itute for the Planning of Water Resources) in 1930-1931. Aerial photograph-
ic materials were used both as a base and for the interpretation of the
soil cover, During 1931-1932 aerial photographs were successfully used in
a s$o0il melioration survey of the Volga-Akhtubinsk floodplain and the Vclga
delta.

In 1931 Academician L., I. Prasolov wrote that the best prospects for the
use of aerial methods in soil science were opening up in the field of in-
vestigation of inaccessible swampy regions and in compiling detailed soil
maps of cultivated regions. In 1933 he indicated that an aerial photograph-
ic survey is a new method for carrying out soil investigations.

During 1932-1940 aerial photographs were used in work on the mapping of
soils carried out in the Ukraine and the Urals, in Kazakhstan, Siberia,
Central Asia and in other regions of our country. It was established on
the basis of these studies that in comparison with surface survey maps the
principal advantage of materials from an aerial photographic survey is as-
surance of orientation in the terrain, accuracy and detail in plotting the
boundaries of areas of uniform soil. Work productivity in soil mapping of
a territory with the use of aerial methods dcubles or triples.

Abroad, in studies involving the use of materials from an aerial photograph-
ic survey for investigating the soil cover (Belcher, 1948; Frost, Woods,
1948; Troll, 1939), mention is made of the need for using the interrela-
tionships existing between soils and landscape elements in interpretation
work. For example, using the relationship between the soil and vegetation
cover, by means of interpretation of vegetation it is possible to deter-—
mine the soil cover of the iInvestigated territory. In soil investigations
the materials from an aerial photographic survey serve for supporting, as-
sisting and deepening work on the mapping of a territory. During the period
of development and introduction of aerial methods for study of the soil
cover 1t was established by a number of Soviet and foreign researchers that
when using aerial photographs there is an increase in the accuracy of the
results and a decrease in the cost of the work.

Aerial Methods in Soil Mapping Work in Different Natural Zones of the
Country (1950-197Q)

During the post-war period, hoth in the Soviet Union and abroad, aerial
methods came into extensive use for the purpose of study of the soil cover.
This stage is characterized by the use of already available aerial photo-
graphic materials in the mapping of solls, as well as the formulation of
special investigzationms.

7
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

o



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

- In 1950, in a specially organized laboratory for the large-scale mapping
of soils at the Soils Institute imeni V. V. Dokuchayev, under the direc-
tion of Yu. A. Liverovskiy, work was initiated on a method for compiling
large-scale soils maps on the basis of aerfal methods in different soil-
geographic zones of our country. The aerial survey was regarded as a new
methed making it possible to compile soil maps of a fundamentally new
content. Similar work in the field of soil aerial methods was initiated
during this period in the Aerial Methods Laboratory USSR Academy of Sci-
ences and at Moscow State University, The tasks and possibilities of such
- work were dealt with in an article by A. V. Gaveman and Yu. A. Liverovskiy
- : (1953). In this study the authors pointed out the need for developing a
method for the interpretation of aerial photographs for study of the soil
cover, the use of a special aerial survey -- color and spectrozonal, study
of the spectral refiectivity of soils.

During the post-var period in all the principal soll-geographic zones of
our country Investigations were made for studying the distinguishing char-
acteristics of the interpretation of soils and their mapping on the basis
- of aerial materials. In the studies of Soviet specialists published dur-
ing this period there were investigations of the possibility of interpret-
ation and use of materials from an aerial survey for the study and mapping
- of the soil cover in the forest, wooded steppe, steppe, dry steppe and

: desert zonea of our country,

B The dependence between spectral brightness and humus content, mechanical
composition, moisture content, nature of the surface and other soil factors
and properties was established. The landscape principle for interpretation
of the soil cover was proposed. The problems involved in large~scale and
medium-scale soils and soils-meliorative surveying were considered. The
influence of natural and technical conditions for carrying out this work
was established. Color spectrozonal aerial surveying of the soil cover was
beginning to acquire great importance; with respect to the degree of in~

= terpretability of soils this had considerable advantages over a panchrom-
: atlc survey,

_ The considered period (1950-1970) saw the beginning of the use of aerial

methods in special soil investigations: erodability of the soil cover,

soil melioration work and soils regionalization. A number of generalizing

_ manuals were devoted to the methods employed in the mapping of soils on

. the basis of aerial methods. It was exceptionally important to introduce

- a course on the Interpretation of soils into the curricula of universities
and other higher educational institutions.

Color spectrozonal aerial surveying began to come into increasing use in
studies for the mapping of soils. Among the color films Soviet spectro-
zonal and American (Kodak Company) films have good properties for making
surveys in natural and "fictitious" colors; Czechoslovakian, Belgian and
Swiss films have good matural reproduction of colors.

- FOR OFFICIAL USE ONLY
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Work done in this stage dealt with the possibilities of using color spec-
trozonal photographs for the interpretation of soil cover in soddy-podzolic,
gray forest, chernozem and chestnut zones. The advantages of their use in
comparison with panchromatic photographs were clarified. In the soclalist
countries, especially in East Germany, Soviet spectrozonal film has been

used successfully in the interpretation of meadow soils (Asmus, Reinhold,
1966).

In 1952 the Scientific Research Institute of Soils and Fertilizers (United
States) generalized and systematized the requirements imposed on an aerial
survey used in study of the soil cover (Swanson, 1954). It was established
that a scale of 1:20,000 was in the widest use for the mapping of soils.
The time for the survey is selected in dependence on the region, but in
most cases an aerlal survey is made in spring when the soil is freed of
snow and has a minimum vegetation cover.

In addition to individual studies of the use of aerial methods in a soil
survey and on the interpretation of soils, during this period special man-
uals on the engineering interpretation of soils (MANUAL OF AIRPHOTO INTER-
INTERPRETATION..., 1953) and on general interpretation problems (MANUAL OF
PHOTOGRAPHIC INTERPRETATION, 1960, AERIAL PHOTOINTERPRETATION..., 1966)
were published.

The American Photogrammetric Soclety prepared and published a special man-
ual on color aerial photographic surveying (MANUAL OF COLOR AERTAL PHOTO-

GRAPHY, 1968) containing data on the use of color photographs in different
branches of the natural sciences.

In the United States, Sweden, West Germany and other foreign countries ex~-
tensive use is made of a color aerial photographic survey on reversible
color film and printing on color reversible paper, which make it possible
to obtain a better image of color transmission than negative color film
(Gerberman, et al., 1971, Kuhl, 1970),

In the USSR, United States, France and other well—~developed countries work
is being done on the compilation of aerial photograph keys, playing an im-

.- portant role in the office interpretation of soils.

Abroad the pest-war period is characterized by the extensive use of aerial
methods in soil sclence. In a review report prepared for UNESCO (Vink,
1968) it was indicated that only during recent years has there been a more
systematic and fundamental approach to the problem of use of aerial survey
materials for study of the soil cover. In the United States during these
years a considerable part of the agricultural areas was covered by an aer-
ial survey at a scale of 1:20,000; in addition to panchromatic films, in-
frachromatic films are used extensively in soil surveys. Scils are inter-
preted both in the office and in the field. Interpretation criteria have
now been developed for all soil varieties in the United States and the key
criterion for interpretation of the soil cover is the interrelationship
between soils and vegetation. Special investigations for the interpreta-
tion of soils are made at a number of universities in the United States
(Clark, 1957; Muir, 1955).

FOR OFFICIAL USE ONLY
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In Holland much academic and scientific research work on the interpreta~
tion of soils was carried .out by the International Institute of Aer-—

ial Surveying and the Earth Sciences (Veenenbos, 1956).

Much werk on the study and mapping of natural resources and soils was

done in France and other countries. Serious work on the study of the nat-
ural resources of the developing countries with the use of aerial methods
was carried out during this period by the Sciences Department of UNESCO,
whose general director over a period of years was V. A. Kovda, Correspond-
ing Member USSR Academy of Sciences.

In many foreign countries -~ Great Britain, Australia, Belgium, Holland,
India, Italy, Canada, Mexico, United States, West Germany, France, Sweden,
Japan -- aerospace (remote) methods were then used successfully in the
study of natural resources, including the soil cover, when making a soil
survey. Firms in a number of countries (United States, Great Britain, Hol-
land, Italy, Canada, France) carried out similar survey work in develop-
ing countries of Asia, Africa, Latin America. The studies made by foreign
speclalists during this period outlined the characteristic peculiarities
of interpretation of soils from aerial photographs, the good prospects for
the use of aerial methods in study of the soil cover and the effectiveness
of use of color spectrozonal photographs.

During the considered period (1950-1970) of development of aerial methods
in the TSSR and foreign countries an ever-increasing role was played by

soil aerial methods in the mapping of soils carried out in different nat-
ural zones over the earth. Color and especially spectrozonal aerial photo-

graphic surveying of soils was beginning to acquire ever-greater impor-
tance.

Modern Stage in Aerospace (Remote) Methods in Soil Science and Agriculture
(1970-1979)

This period is characterized by improvement in the earlier developed in-
terpretation methods and a changeover from description of the character-
istics of the investigated object to quantitative indices.

In the USSR a number of systematic manuals have beer published on the mapp-
ing of the soll cover with the use of materials from aerial surveys
(KRUPNOMASSHTABNAYA KAROGRAFIYA POCHV, 1971; Afanas'yeva, et al., 1977).

Special fundamental investigations have been carried out for studying the
optical properties of the landscape applicable to an aerial survey (Tol-
chel'nikov, 1974), and also an analysis of spectral reflectivity and soil
color as indices of their properties (Karmanov, 1974).

In carrying out an experimental soil aerial survey in our country and abroad
great attention during these years was being devoted to the choice of tech~

nical and natural conditionms for carrying it out, standardization problems,

10
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preliminary and office interpretation, development of interpretation keys
for soils in different geographical zones and the landscape interpretation
method. Aerial methods are being used on an ever-broader scale in soil
melioration investigations.

This period has been characterized by the successful use of aerial metinods
in soil investigations in Belorussia, Moldavia, Kazakhstan, the Baltic and
Transcaucasian republics, in the Ukraine, Central Asia and Siberia.

A new direction is the development and use of data from a remote aercspace
survey in study of the soil cover and agricultural resources.

The studies of Soviet scientists have demonsirated the broad possibilities
which are opening up in study of the earth's matural resources using space
vehicles. A new branch of science is being created -- space geography, as

pointed out in 1971 by B. V, Vinogradov and K. Ya. Kondrat'yev.

We can note the advantages of space methods for study of the environment
-~ the globality, regularity, periodicity and multisided nature of the ob—-
servations, clarification of the relationships existing between natural
features, the possibility of routine study of the dynamics of natural pro-
cesses and phenomena and investigations of inaccessible natural regions.
The introduction of space methods into geology, soil science, agriculture
and other fields of science is creating new possibilities for study of
natural resources, their space mapping, monitoring the state and preserva-
tion of the environment.

Special investigations are being made for studying the possibilities of us-
ing materials from a space survey in the field of soil science and agricul-
ture. Using space methods it 1s possible tc determine the types of soils,
evaluate moistening conditions, ascertain the areas of agricultural fields
and determine agricultural crops.

R. Chevallier (1973), in generalizing the materials of work in Commission
VII (Interpretation) at the 12th Congress of the International Photogram-
metric Society in Canada, noted that when using surveys from satellites
the main problem is a study of the earth's natural resources, the develop-
ment of optimum scales and conditions for the survey, the carrying out of
multisided surveys from satellites and aircraft, as well as the interpret-
ation ¢/, space images.

In the United States investigations in the use of space materials in the
field of soil science and agriculture are being carried out by the Depart-—
ment of Agriculture in collaboration with NASA (National Aeronautics and
Space Administration). During recent years one of the leading research
studies was the compilation of the first photomap (by the Division of Soil
Mapping and Protection of the US Department of Agriculture) of the entire
country on the basis of photographs from the ERTS satellite at a scale of
1:1,000,000, A total of 595 photographs in the red zone (0.6-0.7er) were
used for this purpose.

11
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At Purdve University (Indiana) M. J. Baumgardner, S. J. Kristof, C. J.
Gahansen, A. L. Zachary and other researchers are carrying out work with
the use of remote investigations for studying soils. Problems in the use
of remote investigations in agriculture are also being made by the Experi-
mental Agricultural Station in Weslaco (Texas), a number of universities
and departments in the United States (Tyers, et al,, 1966, 1969; Westin,
1974; Park, 1968).

In 1975 the American Society of Photogrammetrists published a fundamental
work for the first time -- the MANUAL OF REMOTE SENSING. The first volume
examines the theoretical principles and techniques used in remote surveys.
The second volume is devoted to a photographic interpretation and use of
remote methods, including study of agricultural crops and soils.

In Holland, at the International Institute of Aerial Surveying and the
Earth Sciences the systematic training of specialists for study of soils
with the use of remote methods is being conducted by D. Goosen and others.
At the National Agronomic Institute in France investigations for the devel-
opment of aerospace methods in the field of soil science and agriculture
are being developed by M. C. Girard.

In the USSR two centers have been established for studying the earth's nat-
ural resources using space vehicles: the State Center "Priroda" of the
Main Administration of Geodesy and Cartography of the USSR Council of Min-
isters and the State Scientific Research Institute for the Study of Natur-
al Resources of the USSR State Committee on Hydrometeorology and Environ-
mental Monitoring.

The great possibilities and prospects for the study of natural resources
over the earth which are opening up with the use of space photographs con-
stituted the subject of discussion at international and national confer-
ences in different countries. In the USSR one of the first major scientific
conferences for problems relating to study of the earth's natural resources
from space was the All-Union Scientific School held at the Space Research
Institute USSR Academy of Sciences in 1975 (AEROKOSMICHESKIYE ISSLEDOVANIYA
ZEMLI, 1979).

The problems involved in the use of remote methods in the field of soil
science and agriculture have been discussed in many countries and insti-
tutions, specifically: at Houston (United States) at conferences on the

use of artificial earth satellites for geographic investigations in 1965
and 1975 using the results obtained with the "Skylab" orbital station; at
11 intexnational symposia on remote sensing of the environment at the
University of Michigan; at international congresses of soil scientists

in Australia in 1968 and in Moscow in 1974; at the 12th International Con-
gress of Photogrammetrists in Canada in 1972; at the 13th Session of COSPAR
in leningrad; at the 5th and 6th Congresses of the USSR Geopgraphical
Society; at the 23d International Geographical Congress in 1976; at the 13th
International Congress of Photogrammetrists in 1976 at Helsinki; at the In-
ternational School in Rome and at other conferences.
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Cooperation is developing between the USSR Academy of Sciences and NASA in
the United States in the field of study of the earth's natural resources
using space vehicles. One of the directions is the use of these methods
for investigation of vegetation, soils and land use. The exchange of sys-
tematic attainments in this field between the USSR and the United States
is of great theoretical and practical importance.

In the People's Republic of Bulgaria, Hungarian People's Kepublic, German
Democratic Republic, Mongolian People's Republic, Polish People's Republic,
Socialist Republic of Rumania and other socialist countries work is devel-
oping on the use of remote methods for study of soils and agricultural
CTOpS.

A session of the presidia of the All-Union Order of Lenin Academy of Agri-
cultural Sciences imeni V. I. Lenin and the Academy of Agricultural Sci-
ences of the German Democratic Republic was held in Moscow in 1977. There
was discussion of problems relating to joint investigations of the use of
multizonal space photographs taken with the MKF-6 camera for studying
soils and agricultural crops.

The modern research period is characterized by the use of different remote
aerospace, including multizonal and multispectral methods for study of the

soil cover and areas of agricultural crops in the USSR and in foreign
countries.
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Chapter 2

- AEROSPACE SURVEY OF SOIL~AGRICULTURAL RESOURCES AND EQUIPMENT FOR SUCH
. A SURVEY

A new method for the collection of information on natural resources has
been developing during recent years in our country and abroad, especial-
ly in the United States. It has been given the name remote sensing. This
term was introduced in 1960 by the geographer Evelyn Pruitt (United States)
and is now being used throughout the world. In this method, without direct
contact with the studied object, by the use of instruments it is possible
to register electromagnetic waves reflected and radiated by the earth's
surface from the flight altitude of an aircraft or artificial earth satel-
lite (AES).

The totality of methods used in investigations and in mapping from an air-
craft, artificial satellite, helicopter and other flight vehicles is
known as aerospace methods for studying the earth's natural resources.

The physical properties and characteristics of soils and agricultural plant-
ings can be registered using different instruments in different zones of
= the electromagnetic spectrum of wavelengths (Table 1).

The visible spectrum of electromagnetic oscillations with wavelengths from
— 0.4 to 0.7 P,m is subdivided into different colors (Table 2).

Beyond the violet spectral region lies the ultraviolet, and beyond the red
-~ the infrared.

Aerospace methods for studying the earth's soil and agricultural resources
a1e subdivided into photographic and photoelectronic. During recent years

ever-increasing attention of researchers working in the field of study of

natural resources has been devoted to the use of photoelectronic methods.

On the basis of achievements in development of the latest technology these
methods are finding ever-increasing application in such fields as geology,
meteorology, agriculture, soil sclence, and others.

An aerial survey is a survey of the terrain (from an altitude as little as

hundreds of meters to 20 km) executed from flight vehicles using different
surveying instruments operating in different zones of the electromagnetic

14
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

spectrua. At the present time an aerial survey also includes a photoelec-
tronlc survey. A space survey of the earth results in photographs and
traces of the earth's surface taken from altitudes greater than 80-100 km
from different flight vehicles: research rockets, artificial earth satel-
lites, automatic orbital statioms, manned space stations. Information con-
cerning the earth's surface can be obtained from these flight vehicles as
a result of visual observations, in the form of television images, photo-
graphs of the earth and data from photoelectronic apparatus.

We will examine different types of aerial and space surveys.
Types of Aerial Photographic Surveys of the Earth's Surface

An aerial photographic survey is a method for photographing of the earth's
surface by an aerial camera which is mounted on an aircraft, helicopter or
other flight vehicle.

The choice of equipment and instrumentation for carrying out an aerial sur-
vey of the soil cover is of great importance for obtaining spectrograms and
aerial photographs with the best possibilities for interpretation. During
recent years in our country IL-14 aircraft, specially re-equipped for the
placement of aerial cameras, and r ist recently, also the AN-30, have been
used for photographing the earth's surface.

Modern aerial cameras are classified on the basis of focal length, angle

of view of objective and number of objectives. On the basis of focal length
aerial cameras can be classified as short-tocus (f to 150 mm), medium-focus
(f from 150 to 300 mm) and long-focus (f above 300 mm). Short- and medium-—
focus (focal length) objectives have assumed the greatest importance for
soil surveys, carrying out land surveying and for mapping purposes. In low-
lands and slightly hilly territories it is desirable to use aerial cam-
eras with a short focal length (50-100 mm). Super-wide-angle aerial cam-
eras (50-70 mm) can give the best results in steppe and dry steppe zones

in the territories of the plains bordering on the Black Sea, Sea of Azov
and Caspian Sea, as well as in the lowland expanses of Kazakhstan with
well-developed microrelief. Aerial cameras with a medium focal length (200
mm) should be used in mountainous and highly dissected territories with
local relief of more than 150-200 m.

In a super-small-scale photographic survey (1:100,000-1:250,000) a compar-—
ative analysis of different types of aerial cameras with a short focal
length indicated that for an aerial survey of different territories it is
possible to recommend the TES-50 and 41/7.5 aerial cameras with focal
lengths of 50 and 75 mm (Apostolov, Gorbatov, 1975).

In making a large-scale aerial photographic survey (about 1:10,000) it is
recommended that use be made of an AN~-2 aircraft and an AFA-39 aerial
camera.with a focal length of 100 mm., It is simple to service, is reliable
in operation and makes it possible to obtain photographs with a high in-
formation content. )
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- Table 1. Methods for Aercospace (Remote) Study of Soil Cover and Agricul-

Infrared Survey Radio- Radar
thermal survey
survey

Infrared Microwave

near middle f r

0.74 5.5- 20- 0.8-100 em
-5.5 20 800 m
pm um

§
- tural Crops (According to B, V. Shilin)
= Photographic Survey

Black- Color Spectro- Multi-

and- zonal zonal

white
i Visible Visible~infrared
' 0.4-0.74p m 0.4-1.2um
- 5+108 Mz

Passive (reflected from soil sur-
face or crops [solar radiation];
beyond 1.2P.m emission of fea-

tures)
- Films
Day
Surface, }L n
Weak

Aerial or space photograph

108 107 108 2010%-0.3-103 Mz
MHz MHz MHz

Passive (to 1.2um Passive Active

reflected solar ra- (radar)
diation, then emis- on carr=-
sion of soil-crops) ler

To 1.2pm film, then
photoelectric detectors Antennas

Day and night

Several Tens of
centi- cm and
meters m

Atmospheric windows: Very weak
1.8-5,3Pm, 7.0-14.0

Hm

To 1.2 m aerial or Antenna sig-
space photograph; then nal, curve,
image, signal image
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Characteristic

Range of electro-
magnetic spectrum

Wavelength ()
Frequency
Relationship
of method to
radiation
source

Sensitivity of
element (detec-
tor)

Time of day
in survey

Depth of survey
Nature of atmo-

spheric absorp-
tion

lature of col-
lected data
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Ultraviolet Luminescent
survey survay
Ultraviolet Visible

far near

3000- up to 0.4—0.74rgm
100A  4000A

1.109 8-108

-3 MHz
1010
MHz
Passive Active source

of radiation

on carrier

(secondary lum—
inescence is

excited in

visible light)

Photoelectronic survey

spectro- TV  multispec~
metric trel

UV, vis- Vis- Visible,
ible, IR ible IR

0.3-5.5 0.4~ 054—12.5er
’.Lm 0.74

’,Lm
5.108 MHz

Passive (reflected from
soil or crops [solar ra-
diation]; beyond 1.2um
emission of features;

Photo~ Films, Photomultipliers Detectors with
multi- photomul- electronic
plier tiplier scanning
Day Night Day
Surface, P m
Weak

Almost Strong
total

Sig— Air
nal, photo,
curve, signal,
image curve
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Table 2

Colors of Visible Spectrum of Electromagnetic Oscillations

Color Wavelength, fLm
Violet 0.40-0.44
Dark hlue-violet 0.44-0.47
Dark blue 0.47-0,485
Light blue 0.485~0.50
Green~-1light blue 0,.50-0.52
Green 0.52-0.55
Yellow green 0.55-0.57
Yellow 0.57-0.58
Orange-yellow 0.58-0.59
Orange 0.59-0,60
Red-orange 0.60-~0.62
Red 0.62-0.70

On the basis of angle of view objectives are classified as wide-angle (with
an angle of view from 80° or mors), normal (45~75°) and with a small angle
of view (from 40° or less, long focal length) (Table 3).

On the basis of the number of objectives aerial cameras are classified as
single-, two— and multiobjective cameras. During recent years there has
been a particular increase in the role of multiobjective aerial cameras
employed in a multizonal survey in a study of natural resources, soil
cover and the state of agricultural crops.

A set of light filters was used in carrying out a multizonal photographic
survey in 1973. Data on some of these are given in Table 4. The materials
obtained in this survey were used in our study.

The broad array of aerial survey photographic and photoelectronic appar-
atus carried aboard aircraft enables specialists in the field of study of
the soll cover and agricultural crops to use materials from an aerial sur-
vey not only for the purposes of mapping, but also for study of the makeup
of the composition and properties of soils and determining their fertility.
These data make possible an approach to automation of the process of
interpretation of the soil cover and agricultural crops with use of an el-
ectronic computer. In addition, the methodology used in a number of exper-
iments carried out with aircraft is used whun carrying out space invest-
igations.

Types of Space Surveys and Equipment Used in Study of the Earth's Natural
Resources P
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: The development of space technology and new methods and apparatus for re-
mote sensing (together with an aerial photographic survey) and their sue-
cessful application for scientific and national economic purposes have
created the prerequisites for a new approach to study of natural resources,
especially in the field of soll science and agriculture.

Table 4

Characteristics of Some Light Filters Used in an Aerial Survey in 1973

B Light filter components 7‘effs}*m Q coefficient Thickness, mm

- $25-20, ZhS-16 0.499 9.4 8

- $z5-22, ZhS-17 0.519 9.7 10
$28-23, 0S-12 0.587 8.2 10
Zhz5-18, Ks-10 0.637 8.2 8

, © KS-17 0.683 43,7 5

The first visual observations of the earth's surface from space were made
in 1961 by the cosmonaut Yu. A. Gagarin. G. S. Titov for the first time
in history carried out a survey of individual natural features by camera.
Visual observations from space were also made by other cosmonauts.

A great number of original photographs of the earth's surface was obtained
in the USSR and in the United States as a result of flights of spaceships
and artificial earth satellites. Black-and-white, color, and spectrozonal
photographs at scales 1:200,000~1:2,500,000 and smaller have a clear image
of the soil cover and agricultural fields.

The images of the earth obtained from space can be divided into two main
groups: original space photographs and television images. The original
photographs are characterized by high measurement and interpretation prop-
erties. In comparison with space photographs, a television survey has ad-
vantages with respect to frequency, repetition and regularity of collec-
tion of images of the earth's surface. However, television photographs are
characterized by a lesser resolution.

In the Soviet Union photographing of the earth's surface from space, with
the obtaining of original space photographs, was accomplished using hand

cameras and photographic apparatus from the automatic stations "Zond-5,"

"Zond-7" and "Zond-8," the '"Vostok," "Voskhod" and "Soyuz" spaceships and
the "Salyut" orbital station. Photographing of the earth was carried out

during flight of the "Voskhod-2" ship-satellite in 1965 during the emer-

gence of A, A. Leonov into space. :

During 1968 the "Zond-5" automatic station was used in obtaining the first
glotal photographs of the earth from an altitude of about 90,000 km.
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During the first docking of the "Soyuz~4" and "Soyuz-5" spaceships in or-
bit the cnsmonauts Ye. V. Khrunov and A. S. Yeliseyev emerged into open
space and carried out visual observations, still and motion picture sur-
veys of the earth's surface. In accordance with the program, during the
group flight of the "Soyuz-6," "Soyuz-7" and "Soyuz-8'" manned spaceships
observations were made and photographs were taken of the soil-vegetation
cover and the nature of the geological-geographic features in different
regions of the USSR.

A space survey was made for territories well studied in natural respects
for the purpose of developing a method for using space photographs for
studying the earth's natural resources. Another important aspect of the

program was a study of the spectral brightness and contrasts of the earth's

surface in the visible zone of the spectrum (steppe, desert, forested
areas, lakes), necessary for determining the optimum conditions for the
photographing of natural features. As indicated by K. Ya, Kondrat'yev, et
al. (1971), by having spectra of natural features obtained from space it
is possible to differentiate types of soils, determine the state of ag-
ricultural crops and solve other problems.

In mid-June 1970 the cosmonauts V. I. Sevast'yanov and A. G. Nikolayev
flew aboard the "Soyuz-9" spaceship. During the flight they made observa-
tions of agricultural fields and the soil cover over the territory of

the Sal'sko-Tsimlyanskiy and other regions of the USSR, In accordance
with the program, they carried out photographing of the earth's surface
in the Northern Caucasus, in the neighborhood of the Caspian and Aral
Seas, Kazakhstan and Western Siberia. Simultaneously with the survey from
space, these same features were photographed from aircraft (Sevast'yanov,
1972). The cosmonauts were able to discriminate sown areas with respect
to the variety of agricultural crops and the phenological stage of devel-
opment. The survey from the "Soyuz-9" was made using a yellow light fil-
ter on small-format panchromatic film using a hand camera with the frame
measuring 6 x 6 cm from an altitude of about 230 km at a scale of about
1:7,500,000, with a resolution of 200-300 m in the terrain.

The long-lived orbital station "Salyut-1" was launched in 1971. It was a
complex manned space vehicle making it possible to carry out a broad com-
plex of scientific experiments in circumterrestrial space. The station
was launched into orbit at an altitude of 240-260 km with an inclination
of 51.6° to the equatorial plane and with a period of revolution about the
earth of 89 minutes.

After the docking of the "Salyut-1" with the "Soyuz-11" spaceship the crew
carried out a spectral survey of characteristic features on the earth's

surface, At the same time, an aerial survey was made of these same regions
from specially outfitted alrcraft of an expedition of Leningrad State Uni-
versity and the USSR Academy of Sciences. During this space flight for the
firsc time there was a continuous reconnaissance photographic survey along
global trajectories running along and across the earth's latitudinal phys-
iographic zones. The survey was made in June with an AFA-ls aerial camera
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= without a light filter with a focal length of 31.6 mm (frame measuring 60
x 70 mm). The photographs were taken using isopanchromatic film type 17.
The scale of the photographs was about 1:8,000,000 with a resolution in
the terrain of 250-300 m. The area covered by one photograph is about 250
km2. These photographs, due to their great coverage, are of greet lmpor-
tance for small-scale speclal mapping.

= The beginning of a multizonal survey of the earth's surface from space is
assoclated with the Flights of the manned spaceships 'Soyuz-12" and
"Soyuz-13" in 1973-1974. The survey was made using the special LKSA-3
9-objective camera in which three photofilms were used simultaneously.

- Further visual observations and photographing of the earth's surface for
the purpose of rational use of terrestrial resources in the interests of
the national economy were carried out during subsequent flights of space-
ships, the orbital station "Salyut-3," launched in June 1974, and during

the "Soyuz-Apollo" joint flight.

Much experimental photographic material from space, necessary for study of
the earth's natural resources, was obtained as a result of the "Salyut-4"
flight. Photographs for a considerable area were obtained for the terri-
tory of our country, primarily in the middle and southern latitudes. Spec—

- trographic measurements of individual geological-geomorpliological forma-
tions on the earth's surface were made. The "Salyut-5" was launched in
1976, and for joint experiments with it, the "Soyuz-21."

The new qualitative characteristics of photography of the earth’'s surface

from space by means of long-term orbital stations of the "Salyut" type are

as follows: 1) the possibility of carrying out a great volume of photo-

graphy with coverage of different survey seasons; 2) repeated surveying of

- one and the same natural features; 3) use of different cameras and differ-
ent films, making it possible to carry out a survey at different scales
and ln different spectral zones; 4) choice of the optimum atmospheric
condirions for a space survey.

The Flight of the "Soyuz—22" spaceship took place in September 1976. It
carrled the MKF=6 multizonal camera, developed by USSR and East German
speciallsts. Photographs of a number of sectors of the earth's surface were
obtained using thils camera in six spectral zones with a high resolution.
During the time of the work pliotographs were taken in the visible and IR
spectral zones in the range from 0.46 to 0u89fLm. With a flight altitude
250-260 km a film measuring 55 x 80 mm covers an area of 115 x 165 km,

that is, about 19,000 kmZ, In 1978, during the flight of the "Salyut-6"
orbital station, a multizonal survey of the earth was continued using the
MKF-6M camera.

In addition to direct photographing of the earth from space, another impor-
tant direction which is new experiencing vigorous growth and development is
a televisilon space survey. In a television survey from a satellite the
photoimage of the earth's surface is fed to a vidicon and then is sent
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through a radio channel to surface TV receivers, from whose screens the
image 1s photographed, and a screen photograph is obtained. Since the time
for exposure of one frame by television systems is 1/25 sec or less, and
the time of its transmission is 200-400 sec, the need arises for using

_ videomagnetic memory systems aboard the satellite. It is also possible to
store Images on a film. Such systems are known as phototelevision systems.

In comparison with photographs from space, television photographs have a
lesser resolution (from 80-100 m to several kilometers); their metric prop-
erties are also poorer due to the nonlinearity of scanning, etc. Whereas
at the present time in the actual study of the earth's natural resources

- from space photomethods, with the best resolution, play an important role,
in the long run scanning systems with the transmission of information from
satellites via radio channels will have ever-greater impor ance. The role
of scanning systems will increase still more if it is take. into account
that in a photographic survey of the earth's surface the deliveries of
materials to the earth are considerably less routine. Precisely the rou-—
tineness of collection of information on the state of terrestrial re—
sources is one of the basic and fundamental characteristics of a survey from
space.

In our country a television survey for national economic purposes is also
made from meteorological satellites, which makes it possible to obtain rou-

- tine information on the state of weather on the earth and the characteris-
tics of the underlylng surface.

Satellites of the '"Cosmos" series were used in 1963 in testing the corres-
ponding television systems and electrotechnical devices. In 1966 the '"Mol-
niya-1" satellite was used in the USSR for obtaining a TV image of the
earth from a distance of 40,000 km, Later during flight of one of the sat~
ellites of the "Cosmos" series photographs were taken of the cloud cover
and the underlying surface in the infrared in the spectral range 8-12 pem. N

Tn 1967 artificial earth satellites of the "Cosmos'" series were launched
for forming the unified 'Meteor" space system. The satellites were put in-
to circular orbits with an altitude of 625-630 km. During 1977-1979 rou-
tine information on the state of the earth's surface was regularly trans-
mitted from experimental "Meteor" satellites in four zones of the visible
and Infrared spectral ranges. :

_ In the United States flights of the "Mercury" (1961-1963), "Gemini" (1964~
1966) and "Apollo" (1968-1971) spaceships made it possible to obtain hun-
dreds of space photographs of different regions on the earth (most of the
photographs were color photographs)., The survey was made with hand small-
format cameras.,

Since 1960 television images of the earth's surface have been regularly
transmitted from American meteorological satellites. The first eight sat-
ell? ns of the "TIROS" series were launched in 1960-1965.
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Satellites of the ITOS series (ITOS -- Improved TIROS) were launched in
1970 into a solar-synchronous polar orbit with an altitude of about 1,400
km (with a period of revolution 115 minutes). They carried TV cameras

for transmission of images of the earth at a real time scale (with a reso-
lution of about 1 km) and in the record (resolution 3.2 km).

The United States meteorological satellite, which is of interest because
its materials can be used in interpretinyg the earth's surface, is the
"Nimbus." The latest satellites of the "Nimbus" series carry a microwave
probe for determining soil moisture content.

The first specialized satellite for studying the earth's natural resources
(ERTS-1 -~ CGarth Resources Technological Satellite) was launched in July
1972 in the United States. The ERTS-2 was launched in January 1975. These
satellites have now been given the name "Landsat." A third satellite was
launched in 1978. The satellites were put into a solar synchronous orbit
with an altitude of about 910 km with a period of revolution of 103 min-
utes. The selected orbit ensures an almost constant solar altitude above
the horizon ~ 35°, that is, identical illumination conditions for each re~
gion. The satellites make 14 revolutions per day and each 18 days there

is a possibility for a repeated survey of one and the same sectors of the
earth's surface.

The ERTS~2 was launched in such a way that the frequency of recurrence of
a survey of one and the same sector of the earth was 9 days, which made

it possible to observe the dynamics of the soil-vegetation cover and the
development of agricultural crops, to study the soil-vegetation cover in
different seasons of the year, to select cloudless periods of the survey
in order to have a better image of the soil-vegetation cover in dependence
on weather and seasonal conditions of the survey, etc. The satellite carr-
ied a multichannel optical-mechanical scanning television camera, the MSS
(Multl Spectral Scanner), an instrument scanning in the visible and IR spec-
tral regions: 0.5-0.6, 0.6-0.7, 0.7-0.8, 0.8-1.1 ji-m. The camera angle of
view 1s 11.5°; in scanning from an altitude of 910 km there is coverage

of a zone with a width of 185 km and the resolution in the terrain is 70-
80 m.

Photographs with the MSS multizonal scanner are of interest for different
branches and departments and are effective when using such automatic sat-
ellites for studying the earth's natural resources.

In May 1973 the "Skylab" orbital station was launched into an orbit close
to circular, with an altitude of 435 km and a period of revolution of 93
minutes. One of the scientific objectives of operation of this station was
an lnvestigation of the earth's natural resources.

Thus, artificial earth satellites, spaceships and orbital stations are used
for studying the earth's natural resources. Special automated satellites

for studying the earth's resources have been developed and used in recent
years. Photographic and television cameras are among the instruments
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widely used on space vehicles. Both space multizonal photography and multi-
spectral scanning of the earth's surface from space are successfully devel-
oping. Infrared and microwave apparatus 1is also used in space surveys.

The altitudes for a space survey of the earth's surface can be divided into
four groups:

1) great altitudes -- 10,000-100,00C km -~ surveys from interplanetary
automatic stations of the "Zond" type;

2) medium altitudes -- 500-1,500 km -- surveys from natural resources and
meteorological satellites; ‘

3) low altitudes -— 200-400 km -- surveys from manned spaceships of the
"Soyuz" type, long-lived orbital stations of the "Salyut" and "Skylab"
type, and experimental satellites;

4) very low altitudes —- less than 200 km -- surveys from experimental sat-—
ellites.

With respect to the area of coverage of the soil cover by a single space
photograph we propose that photographs be classified as:

a) global -- tramsmission of the image of individual continents or the
earth as a whole (for example, photographs of the earth from the automat-
ic station "Zond-5");

b) macroregional -~ images of major parts of the continents with an area
of 100,000 km2 or more (photographs from NOAA, and others);
c) mesoregional -- with coverage of geographic regions with an area of tens

of thousands of square kilometers, for example, the multizonal survey with
the MKTF-6 camera from the 'Soyuz-22" and the "Salyut-6" from an altitude
of 250-260 km in six spectral zones (from 0.46 to 0.89 pim) with an area
of coverage of one photograph of 19,000 km“; a multispectral scanning sur-
vey with the MSS camera from the ERTS (Landsat") from an altitude of 910
km in four spectral zones (0.5-0.6, 0.6-0.7, 0.7-0.8, 0.8—1.1}Lm) with an
area of coverage of one photograph of 35,000 kmZ;

d) regional -- with a coverage of individual regions (landscapes) with an
area less than 1,000 kmZ.

Depending on the survey scale space photographs can be classified as large-
medium—scale (greater than 1:100,000), medium-scale (1:100,000-1:900,000),
small-scale (1:1,000,000-1:9,000,300); generalized (1:10,000,000 -
1:100,000,000).

In the present stage in the development of space technology the resolution
(R) of the space photographs, dependent on altitude (H) of the survey,
focal length (f) and resolving power of the receiving instrument

R = f.ﬂ
r
can be subdivided into:
a) tens of kilometers —- for radar images, the IR range of Soviet and Amer-

ican meteorological satellites, surveys from interplanetary automatic sta-
tions of the "Zond" type or satellites in high orbits;
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b) a few kilometers —- for television photographs in the visible range
from meteorological satellites;

¢) hundreds of meters —- for photographs taken with hand cameras and also
medium—focus cameras from spaceships and satellites;

d) tens of meters -- for high~quality ordinmary and multizonal cameras of
the MKF-6 type and also multispectral scanner systems.

Materials from Aerospace Survey and Instruments for Interpretation

As has been noted, the materials from aerial and space surveys can be used
in studying the soil cover and individual properties of the soil, for de-
termining the yield of agricultural crops and soil fertility, and also as
a cartographic base for the compilation of soil maps at different scales.
It is possible to use black-and-white, color and spectrozonal negatives,
double negatives and double positives obtained in. the course of aerial

and space surveys; black-and-white, color and spectrozonal aerial and
space photographs obtained by the contact method or by enlargement on the
average by 4%-5%; reproductions of preliminary compilations, photomosaics,
photoplans and photomaps. During recent years increasing importance has
been assumed by aerial and space materials from a multizonal survey, tele~
vision photographs, materials from multispectral scanning systems, traces
ohtained from ultraviolet, infrared and microwave radiometers, and radar
photographs of the soil cover and plantings of agricultural crops.

In this section we will examine the importance of materials obtained using
photographic systems; others will be examined in describing new photoelec-
tronic methods for investigating terrestrial resources.

Black-and-white, color, spectrozonal and multizonal negatives and double
positives are of great importance in studying the soil cover and the con-
dition of agricultural crops. Their role has especially increased in con-
nection with the use of multizonal surveys of the earth's surface. The
principal photographic characteristics of black-and-white aerial films
are given in Table 5.

A black-and-white panchromatic film and a yellow light filter were suc-
cessfully used in surveys from the “Soyuz-9" spaceship. In surveys from
the "Salyut-1" orbital station successful photography was carried out
using an isopanchromatic film (type 18) with a yellow light filter.

When making a multizomal survey from the "Soyuz-12" spaceship the photo-
graphy was with different light filters on fine-grained isopanchromatic
aerial film (type 17), coarse-grained isopanchromatic motion picture neg-
ative film KN-3 and coarse-grained infrachrosutic aerial film I-840.

In multizonal photography of desert and semidesert zones of Kazakhstan

in February from the "Salyut-4" orbital station use was made of black-and-
white films: isochromatic of the type AS-1, isopanchromatic of type 17
and infrachromatic of type I-840. A comparison of one and the same solls
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and natural features surveyed from space on different films indicated
that moistensd sectors of the Muyunkum sands and the eastern part of
the Betpak-Dala desert, ancient valleys in the territory of the Betpak-
Dala and contaminated territories in the region of Lake Baykal are in-
terpreted most clearly from photographs obtained from infrachromatic
film and less clearly from photographs obtained with isochromatic film
(Table 6).

In the United States, when carrying out a multizonal survey from the "Ap-
0110-9" spaceship, the photography of the earth's surface was taken on
panchromatic and infrachromatic film. During the period of operation of
the "Skylab" orbital station black-and-white panchromatic film was used
in two surveying cameras of the multispectral photographic apparatus

S 190, whereas infrachromatic film was used in two others covering the

- infrared spectral zone.

When making a super-small-scale aerial survey of the earth's surface Apo-
- stolov and Gorbatov (1975) recommend the use of black-and-white films:
for lowland regions -- types 17, 18, 20, 27, 28, for mountainous regions
-- types 17, 20, 25, 33.

Isoorthochromatic black—and-white aerial films of the RF-3 and AS-1 types
are recommended for aerial surveying in the yellow-green spectral zone.

In addition to isopanchromatic films, the infrachromatic films I-740,
I-760 and I-840 are of great importance for studying the soil cover,

A comparative analysis of the soil cover image on aerial photographs taken

- with isopanchromatic and infrachromatic films indicated (Fig. 1) that on
infrachromatic photographs it is considerably easier to see the boundary
contrast of chernozem and alluvial soils; dark gray, gray forest and soddy-
meadow soils. On isopanchromatic photographs these soil differences are
seen poorly or not at all (Table 7).

The use of infrachromatic film for soil purposes can be recommended for
the detection of soils with a different degree of moisture content, gley-
ey, swampy, irrigated soils. This film is effectively used for discrimin-
ating plowed sectors amidst virgin land with natural vegetation, for the
interpretation of areas of alluvial (floodplain) soils.

However, when using infrachromatic film it must be remembered that in com-
parison with isopanchromatic film there is a deterioration of image devel-
opment in shaded sectors. In order to reduce the influence of shadows it
is desirable that the infrachromatic survey be made at about 1200 hours
with a high solar altitude.

B. V. Vinogradov (1966) mentions the limited possibilities of use of this

film in studying the soil-vegetation cover of arid zones. In a survey

wich this film the dry sectors of brown desert-steppe soils, solonetz and
- other soils merge with vegetation on the photoimage.
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Fig. 1. Aerial photographs of one and the same territory obtained using
different aerial films. At top —— isopanchromatic; at bottom -— infra-
chromatic (1 -~ leached chernozems; 2 —- gray forest gleyey soils; 3) al-
luvial-meadow; 4) alluvial-moist meadow).

This film can be used successfully in soil melioration work.

Color and spectrozonal aerial films. In the study and proper interpreta-
tion of the soil cover color and especially spectrozonal aerial films
have broader possibilities. The human eye perceives the differences in
chromatic tones tens of times better than the tonality of a gray scale.
The use of the color differences of the soil-vegetation cover in the case
of a survey on color aerial film considerably broadens the possibilities
for soil interpretation.
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Among the color multilayer films there are two principal types: color
three-layer aerial films which reproduce the soil-vegetation cover in
natural (or nearly natural) colors and spectrozonal two- or three-layer
aerial films with an image of the earth's surface in conventional colors.

Color reversible three-layer aerial films for neutral and transformed
color transmission of the earth's surface are widely used abroad.

Modern color films, both in our country and abroad have a quite high sen-

sitivity, low distortion, good color balance and resclution (Table 8). -
They can be used successfully not only for a qualitative, but also quan- ‘
titative interpretation of the soil cover and plantings of agricultural

crops but are inferior to black-and-white aerial films with respect to the ‘u
economy of photoprinting.

TsN-3 color negative film is an improved TsN-1 type with respect to color

transmission, with a higher resolution and light senmsitivity. This is a .
three-layer film; the arrangement of its layers, the type of sensitizing -
of the emulsion and the spectral zones of effective light semsitivity are

indicated in Table 9.

Good results were obtained in the USSR in a survey from space using SN-6M
and SN-8 spectrozonal films (zones of sensitivity 570-650 and 650-800 nm
respectively). A somewhat worse image of the earth's surface was obtained
in a space survey on TsN-3 color film (zone of sensitivity 450-730 nm)
with natural color transmission.

Color natural film of the Kodak Ectachrom MS type and color IR Kodak-Ecta-
chrom Infrared film was used during flights in the American spaceships
"Mercury," "Gemini" and "Apollo" for extensive survey work.

In the irrigated zone of the Colorado River (United States) color IR film

was also successfully used in discriminating agricultural fields up to

20 hectares in area, occcupied by different crops, from the red and gray-

green color. A red color was characteristic of fields with alfalfa and -
a gray-green color is characteristic of fields with harvested cotton. In

a mountainous area a brown-red color corresponded to coniferous forests

(Pinus ponderosa) and a light red color corresponded to oak forests.

In the study of soils with different moisture content (from 2-8 to 30-34%)
it was established that the best results in determining the moisture con-
tent of plowed soils were obtained in an aerial survey from an altitude ;
of 600-1,200 m on color IR film (Sewell, Parks, 1972).

The use of negatives and photometric instruments makes it possible to
carry out quantitative measurements of the photoimage of the soll cover,
based on determination of the density of blackening of the analyzed nega-
tives. It is now acknowledged that the photometric approach to the study
of soils from negatives is one of the promising means for automation of

34

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

interpretation of the soil cover. The basic studies on use of photometric
instruments are now being made using black-and-white negatives. However,

there are investigations of the use of color and spectrozonal images for

these purposes.

Black-and~white, color, spectrozonal and multizonal contact or enlarged
- aerial and space photographs are of basic importance for visual-instrumen-—
tal interpretation of the soil cover and its mapping.

In accordance with the type of aerial survey cameras used the common size
of aerial photographs is 18 x 18 ecm; 24 x 24 cm; 30 x 30 cm; for multi-
zonal cameras it is 7 x 7 cm. The photographs taken by a multispectral
scanning system can have the form of strips. In our country a silze 18 x
18 cm is used for measurement and cartographic purposes and the principal
photogrammetric instruments have been developed for this size; abroad

a size 24 x 24 cm is used for this purpose. Aerial photographs measuring
30 x 30 cm are convenient for interpretation of the soil cover.

- A considerable economic effect can be obtained when using photographs en-
larged by 3-4X in comparison with the original. According to data publish-
ed by American specialists, a photographic enlargement of the space photo-
graphs obtained with the ERTS for the purpose of facilitating their soil
interpretation and increasing the information yield is dependent on the
negative quality and after a 5* enlargement gives virtually no increase
in information.

The scale of the photographs is determined using the formula 1/m = £/H,
where £ i{s the focal length of the objective, H is survey altitude.

Near-vertical aerial photographs have a normal end lap of 607% and a side
lap of 40%, which ensures inspection of stereopairs with stereoscopic in-
struments. Aerial or space photographs are of importance for soil mapping
because they are a good geographic base. The great number of detalls
appearing on aerial photographs make possible a more precise identifica-
- tion of the location of soil profiles and orientation in the terrain.
Aerial or space photographs constitute completely objective material on
natural conditions and the soil cover, which is obtained using photo-
graphic or phototelevision instruments.

It is particularly important that on aerial and space photographs there
are a number of direct and indirect indicators necessary in interpreta-
tion of the soil cover. This property makes it possible to carry out the
office interpretation of soils and with the development of knowledge
concerning the image of different soils on photographs and the development
of soil keys it is possible to reduce the time-consuming field work for
study of the soil cover gradually to a minimum.

The reproduction of a preliminary compilation is a mandatory supplement
to aerial photographs. These are prepared from aerial photographs (con—
tact prints) and make it possible to draw conclusions concerning
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the correctness with which the aerial survey was made. On the reproductions
of the preliminary compilation it is mandatory to indicate the number of

the sheet, the number of the rectangle, the names of individual populated
places, rivers, lakes and some other features. This information makes pos-
sible a rapid determination of the region and the numbers of the aerial pho-
tographs required for the work. .

Photomontages are an assembly of unrectified aerial and space photographs
(that is, the use of photographs without elimination of existing distor-
tions).

A photoplan is a plan of the terrain (mosaiced montage), assembled from rec-
tified aerial and space photographs. It has a coordinate grid. On photoplans
the relief is frequently drawn in with contour lines. Accordingly, photo-
plans are valuable material for studying the soil cover and its mapping.

We note that when photoplans are available there is no need for photomon-
tages.

Photomaps (black-and-white and color) are the most valuable base for carry-
ing out soil mapping. They constitute polygraphically reproducible photo-
plans on which contour lines are used in plotting local relief, whereas
hachures are used for representation of the topographic necessary for the
soil survey. In comparison with topographic maps photomaps provide a sav-
ing, according to preliminary computations, up to 15% of the cost of work
on a specialized survey (Gol'dman, 1972).

Instruments for interpreting soils and agricultural crops. The visual-in-
strumental method for the study of photographs is the most promising for

soil interpretation. It provides for the extensive use of photometric and
photogrammetric measurement instruments under field and office conditioms.

Depending on their purpose, interpretation instruments can be classified as
enlargement, measurement, stereoscopic, microphotometric and automatic
systens for readout of the image.

Among the magnification instruments extemsively used in the soil inter-
pretation process are monocular lenses with different magnifications.
Those with 2X and 4¥ are most widely used.

The measurement instruments include parallaxometers, parallactic plates,
proportional dividers, etc. In the mapping of soils the use of proportional
dividers 1s of great importance for eliminating a noncorrespondence of
scales (between the photograph and map) in the tramnsfer of special content
from the interpreted photographs onto topographic maps or land surveying
plans. Among the measurement instruments used in the interpretation of

the soil cover an Important role is played by MF-4 and IFO-451 microphoto-
meters and among the foreign instruments -- a high-speed microphotometer
with a contiguous stand and a compensation automatic recorder produced by
"Karl Zeiss" in the GDR and others. The use of these instruments for meas-
uring optical densities of aerial photograph negatives makes it possible

36
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

A‘II\E



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

to ascertain the nature and individual preperties of soils in the analyzed
territory. The '"Macbeth" TR-527 instrument (United States) makes it pos-
sible to determine the density of negatives and positives with an accuracy
0.02D.

Among the stereoscopic Instruments are stereoscopes of different makes,
stereometers, interpretcscopes, the SP-2 stereoscope-pantograph for the
transfer of features, and universal stereophotogrammetric instruments mak-
ing it possible to obtain an image of the relief, measure it and draft it
in contour lines, as well as to transfer soil areas from photographs to
the map.

Among the automated systems for image readout are the "Kvantimet-720"
("Quantimet-720") optical-electronic instrument produced by "Metal Re-
search" (Great Britain), which can be used successfully in studying the
photoimage of the soil cover on aerial and space photographs.

Connected to the "Kvantimet-720" instrument is an epidiascope, used in ob=
taining images from aerial and space photographs, diapositives and films
by means of transmitted and incident light with a dark field. Scanning
devices —- vidicon and plambiion -~ transform tbe image into electric sig-
nals for reception by the instrument detector. These devices have been
developed for the precise analysis of images and have digital control of
scanning. The results of measurements, repeated 16 times, have an accuracy
to 1%.

Among the processing instruments necessary for the computerized interpret-
ation of multizonal photographs we note the "P-1700" "Photomachine" devel-
oped by "Optronics International” in the United States, making it pos-
sible to carry out rectification of the photographic image and construct
maps of isodensity lines for the forest and soil cover and for agricul-
tural crops (Sukhikh, El'man, Bogachev, 1978).

The ISI electronic systen (International System Incorporated) makes it
possible to carry out rectification on the basis of densities for both
integral and a series of multizonal aerial and space photographs.

In the synthesis of a black-and-white or color image from multizonal photo-
graphs it 1s possible to use MSP-4 multizonal analyzers preduced by "Karl
Zeiss Jena" (GDR), or the MSV-300 produced by the "Konon" Company (Japan),
whereas the "Phosdak~1000" system produced by the "Kimoto" Company (Japan)
and others can be used in transforming soil information from color densit-
ies.
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Chapter 3

THEORETICAL PRINCIPLES OF INTERPRETATION AS A SOIL STUDY METHOD

A study of the problems related to the interpretavion of aercspace mater-
ials is of the greatest interest among the complex of aerospace work for
the surveying of land resources by soil scientists and a whole series of

other specialists.

The Russian term for "interpretation" (deshifrirovaniye) is a derivative
- from the French word "dechiffrer" -- to analyze, unravel. In both English
and Russian the corresponding term is "interpretation.”" During recent
= years the corresponding Russian term "interpretatsiya" has been used as

a synonym for "deshifrirovaniye."

Originally interpretation was carried out for military-topographic pur-
poses. However, beginning in the 1920's, with the development of civil
aerial surveying, the interpretation of aerial photographs began to ac-
quire a special character. In addition to topographic interpretatdion,
forest, geological, soll, geobotanical, hydrological, agricultural and
other types of special interpretation of aerial photographs began to de-
velop., At the present time the soil cover is being interpreted from space

photographs.

By the term "soil interpretation" is meant the method for studying the
soll cover from its image obtained as a result of aerial or space sur-

veys.

At the very dawn of development of aerial surveying A. Ye. Fersman wrote
that an aerial survey does not characterize any one phenomenon, but dif-
ferent aspects of the landscape. It puts into the hands of the researcher
a dialectic method which in the study of each feature makes possible a
determination of its relationships to others. In this respect a study
of the goil cover from aerial or space photographe is a clear example of

use of the dialectic method.

M. G. Kell' emphasized that the interpretation of aerial photographs is a
multifaceted process and no facet of this process can be separated from
thai branch of research in which it is manifested (Kudritskiy, 1973),
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L. A, Bogomolov (1976), L. M. Gol'dman (1960), G. V. Gospodinov (1961)
and L. Ye. Smirnov (1976) define interpretation as a method for studying
terrain from its image on photographs, as a process for revealing the
diverse content of photographs, based on an anaiysis of the interpreta-
tion criteria and a knowledge of their properties.

General Principles of Soil Interpretation

The interpretation process, from the point of view of knowledge and logic
can be subdivided into a number of basic stages. I. S. Komarov, V. F.
Rubakhin, L. T. Safronov (1967) indicate that with respect to structure
the interpretation process consists of interpretation of individual fea-
tures from aerial photographs and interpretation of situatioms. Three
stages can be discriminated in interpretation: detection, identification
and evaluation. A number of researchers call the third stage "interpreta-
tion"; however if the feature does not show up on the aerial photograph
the interpretation process begins with identification. L. Ye. Smirnov

- (1967) defines the third stage of interpretation as the forming of judg-
- ments concerning individual features, phenomena and the terrain as a
whole. V. F. Rubakhin (1966) ends the third stage in an evaluation of the
results of identification of individual features and &s an independent
final section discriminates the process of real interpretation of situa-
tions. from the aerial photograph, that is, there is a transition from the
identification of one feature to another, from the identification of
simple features to complex ones.

L. M. Gol'dman, R. I. Vol'pe (1968) also divide the interpretation process,
on the basis of psychophysiological principles, into three stages: 1) vis-
ual perception of the studied features; 2) formulation of concepts (taking
into account the conditions for carrying out the aerial survey) concerning
the investigated territory and 3) a conclusion and description of the es-
- sence of the interpreted features.

A number of foreign authors (Buringh, 1960; Vink, 1968) include the fol-
lowing under the term photointerpretation: 1) recognition and identifica-
tion of features appearing on photographs; 2) their analysis; 3) deductionm,
whose role is limited and can be used in the extrapolation and interpola-
tion of data.

- According to Buringh (1960), the term$ recognition and identification take

: in obtaining the most complete and clearest idea possible from the photo-
graph. Some foreign authors use the term photoreading instead of identif-
ication.

M. Girard (1972), in examining the problems involved in the soll interpret-
ation method, discriminates three stages: 1) identification, that is, de-
termining the relatiomships between the feature and its image on the
photograph; this correspondence is not always expressed clearly for soils;
2) recognition, which essentially involves drawing of conclusions concern-
ing the soil cover on the basis of knowledge concerning the morphology of
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soils and the peculiarities of their formation; 3) interpretation pro-
vides for establishing the interrelationships between soils and soil-
forming factors.

In the interpretation of features, including the soil cover, it is neces-
sary to take into account the initial level of interpretatiom. It is depen-
dent on the level of training and capabilities of the interpreter and

also the availability or nonavailability of interpretation keys.

A. P. A. Vink (1968) points out that the term identification or photoread-
- ing must be defined as a method for studying the aerial photographic image,
which is based on a direct study of the features.

The soil, as a natural feature having a definite structure of the genetic
profile and diffcrent soil horizonms, does not show up on aerial photo-
graphs. On such photographs we see indices only of the surface horizon.
However, this main surface horizon is genetically related to the entire
soil profile. Accordingly, by analyzing the image of the surface horizon
on aerial and space photographs in most cases it is possible not only to
determine and interpret soi. boundaries and changes, but also (in field

B investigations when samples are available —- soil interpretation keys or
- soil maps) to determine the soil cover.

According to B. B. Polynov, all soil horizons are paragenetic, that is,

_ interrelated in their origin. On this basis, asserts Yu. A. Liverovskiy,
(1962), the properties of the upper horizon can serve as indicators for
determining the genetic category for the entire soil.

The relationship of the volume of field and office interpretation is of
considerable importance in thils stage of development of the soll inter-
pretation method. Whereas during the first period of study of the soil
cover with the use of material from an aerial photographic survey the
- role of field interpretation was fundamental, with the development of
aerial methods, with the use of new equipment, with the broadening of
- knowledge concerning the peculiarities of the photoilmage of soils on
different films and for different szasons of the year, with the develop-
ment of soil interpretation keys and with use of multizonal photographs
there is a marked increase in the role of preliminary office interpreta-
tion of soils. Without question, in the future with the development and
improvement of aerospace (remote) methods for investigating the environ-
ment the role of office interpretation will increase to the point of
automated computer analysis of the soil cover and plantings of agricul-
cural crops on the basis of aerospace photographs and trace data (when
soil-agricultural interpretation samples are available).

During recent years three principal methods have stood out clearly in the
problem of interpretation of photographs (Zomm, 1975) . The first method,
pre- 1iling broadly until recently, is the visual interpretation method.
The essence of thls method is that recognition of the soil cover is based
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on experience and the ability of specialists to use direct and indirect
eriteria For soil interpretation. Its shortcoming is the descriptive ap-
proach to soil and agricultural resources and a definite subjectivity.

- At the present time it is being replaced by the visual-instrumental method,

in which, on the one hand, there is the most complete use of the logical

inferences of the interpreter, and on the other hand, a quantitative anal-

ysis of the photoimage and interpretation of the soil cover. Visual-in-

. strumental interpretation as an objective quantitative method for study

3 of aerial and space photographs is based on the broad use of such meas-
urement instruments in the practice of soil and agricultural research as
microphotometers, densitometers and optical-electronic image analyzers.

A third method, which is in the stage of initiai experimental investigation,
is related to automation of the process of interpretation of photographs.
It provides for the transformation of the photoimage of the soil cover and
agricultural fields and the statistical processing of the filtered images.
For example, In a soil melioration description of the territory of the
dry steppe zome use was made of optical-structural machine analysis, which
is a method for generalized (statistical) analysis of the morphological
structure of the feature carried out in the optical range (Kozlovskiy, et
- al., 1975). Digital methods in the processing of aerial and space informa-
tion are being developed most intensively in the Soviet Union and in the
United States. They provide for the development of equipment, input of
- data on the image into an electronic computer, methods for its storage and
extraction and creation of mathematical support for the processing of in-
formation (Lur'ye, Tishchenko, 1966).

In a report at the Eighth International Mapping Conference (Bel'chanskiy,
et al., 1976) it was pointed out that three problems are timely among the
principal directions in the development of methods for the digital auto-
mated processing of images: 1) processing and formalization of videoin-
formation; 2) automation of interpretation of photographs with the use of
an electronic computer or optical-electronic instruments; 3) formulation
- of mathematical models in the plotting of predictive maps.

A. Rozenfel'd (1972) discriminates five types of image transformation:
discretization, quantization, coding, approximation and filtration. As
- indicated by L. A. Bogomolov (1976), all these transformations can be
used in automation of the process of interpretation of aerial and space
photographs. However, automatic interpretation simplifies and to a defin-
- ite degree distorts the information on the photograph. It is done inde-
pendently of the environment and without reference to existing natural
interrelationships. As indicated by discussion of these matters at inter-
- national and national symposia, success in the automation of interpreta-
- tion at this stage for the time being can be expected in the solution of
special problems and in narrowly specialized fields of investigation.
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The tasks of soil interpretation can be formulated in the following way:
first, detection and outlining on aerospace photographs of territories
with an identical structure of the soil cover, which must be defined as
unit soil interpretation; second, determination of the content of the

soil units detected on the photographs —-- genetic soil interpretation;

an important independent task is the extrapolation of the results obtain-
ed for individual points (profiles) or key sectors on the basis of visual-
instrumental or instrumental (automated) interpretation of the soil cover.

The specific nature of the soil as a feature to be interpreted also deter-
mines the content of the process of analysis of the photomaterials (Vink,
1968, and others). It includes all aspects of their identification or
- photoreading and also the digital evaluation, determining the mutual re-
- lationship of the photoindicators detected i the interpretation. The
- analysis involves carrying out work for study of the individual components
of the environment and their interrelationships tc the soil cover. Yu. A.
Liverovskiy (1962) mentions the need for using physiographic synthesis as
a basis for soil interpretation. Its importance increases sharply in space
investigations.

A specific property of use of space photographs in soil science is that
in their interpretation (due to the great coverage of considerable ter-
ritories) there is a marked increase in the role of indirect interpreta-
tion criteria, the geographic method for the study of space photographs
and allowance for interrelationships and intercausalities of all environ-
mental components.

- In the study of soils from aerial and space photographs as a point of de-
parture one must apply the principle expressed by V. V. Dokuchayev that
the soil is part of the geographic landscape, is its "mirror." Soils and

. such factors of soil formation as relief and vegetation are reflected on

- photographs in a reduced generalized form. In this connection the inter-

- pretation of soils is essentially based on a comparative geographlic anal-

o ysis of the photoimage of natural or man-modified landscapes.

On the basis of the principles formulated by B. B. Polynov relative to
elementary landscapes and types of terrain, the use of photographs makes
it possible to determine interpretation criteria characterizing the soils
of these landscapes. In formulating the principles for soil interpreta-
tion from photographs we used as a point of departure interpretation, on
- the one hand, of soils of natural landscapes, and on the other -- solls

- of cultivated (plowed) elementary landscapes. ‘

The interpretation of soils and agricultural objects can be improved (es-
- pecially in multizonal aerial and space surveys) if we know the charac-
teristics of their reflectivity in a definite spectral zone and carry out
a survey in those narrow ranges where the spectral differences between
soiis and planted crops are maximum, These matters will be considered
below.

42

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300050024-7

FOR OFFICIAL USE ONLY

Spectral Reflectivity of Soils

Multizonal brightness of objects and features, including soils and agri-

cultural crops, is a new and important interpretation criterion which

makes it possible to carry out quantitative measurement of soils and

agricultural fields on the basis of their image on photographs. With the

use of scanning systems the digital processing of multispectral photographs

can proceed until an image is obtained. For example, for studying the soils

of the northeastern part of Kansas use was made of materials from a multi-

spectral scanner having 15 spectral ranges in the zone 0.4~0.9ym. The re-

- sults of the scanning were registered directly on a magnetic tape which
could be processed on an electronic computer. At the same time, a survey
was made on 70-mm color and color IR film. In computer processing use was

- made of the differences in the spectral reflectivity of the soils (greatest
in the near-IR spectral zone), which were registered by a scamner. In each
of the sectors of the electromagnetic spectrum there are differences in
the spectral brightness of the soils and therefore in working in each

= range use was made of the mean values of spectral reflectivity of soils
(Carroll, 1973).

- The use of the photoimage of one and the same objects, obtained simultan-
eously in different spectral zones, makes it possible to obtain addition-
al information on soils and agricultural crops. It can be seen from a com-
parison of two aerial photographs of one of the experimental sectors in
the steppe zone during spring in such a survey, taken in the red (640 nm)

. and orange-yellow (590 nm) spectral zomes, that in the zone 640 nm there

- is reliable discrimination of typical chernozems from meadow-chernozem

soils associated with depressions and also chernozems with different de-

grees of erosion. A field of winter rye stands out sharply amidst plowed
areas of typical chernozems; in the zone 590 nm these differences are con-
siderably weaker, but sectors of freshly plowed chernozems stand out better
as a result of an increase in surface moisture content. In the field of
winter rye it is easy to see a banding which is associated with the dif-
ferent nature of working of the soil, which is completely absent on photo-
graphs of the red spectral zone. Thus, a comparison of the photographs
taken in different parts of the spectrum makes it possible to increase

the interpretability of soils and agricultural fields.

- In this connection, in our country and abroad great interest is being
shown in study of the spectral characteristics of soils and agricultural
crops surveyed in different zones of the electromagnetic spectrum. Inves-
tigations indicated differences in the spectral reflectivity of soils in
dependence on their composition and state. It was established that there

- is an influence of the humus content, light—colored compounds (silicon and
aluminum), carbonates, easily soluble salts, different iron compounds, and
also moisture content and mechanical composition of the soils on the
characteristics of spectral distribution of reflected radiations of soils.
The curves of relative spectral reflectivity of soils (sands, clayey loams),
determined under field conditions (Holmes, 1970), indicated that the maxi-
mum of the differences falls in the zone 0.6-0.7P1m. This is one of the
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survey zones adopted in working with the ERTS satellite.

An increase in soil moisture content to complete capillary moisture cap-
acity reduces their reflectivity by a factor of 2-3 (Obukhov, Orlov,
1964). Yu. S. Tolchel'nikov (1959, 1974) notes that during summer under
field conditions the soils dry out from the surface to an air-dry state.
Accordingly, with a uniform mechanical composition the brightness of the
soils has a direct relationship to its humus content.

N. P. Sorokina (1967) for typical chernozems studied the correlations
beiween the coefficient of reflection for soils and their humus and car-
bonates content. It is shown that with a humus content of less than 57
there is a direct relationship between the quantity of humus and the log-
arithm of integral soil reflection.

The coefficient of spectral reflection of soils has been proposed; RC is
determined using the formula

- RC = 440 + 490 + 540 + 590 + 640 + 690/6

) where 440, 490 and the others are the reflection values for wavelengths
- 440, 490 nm, etc.

In this section we will examine the spectral reflectivity of soils and its
influence on their brightness in different spectral’ zones.

The coefficient of spectral reflection of soils is the ratio of the reflec-
tion value of the soil sample to the value for an ideal surface reflecting
100% of the light for all wavelengths. The term "reflection coefficient

for soils" coincides with the term "brightness coefficient" (Krinov, 1947).
For a definite wavelength X it can be determined using the formula

r}\ = BA/BO
where B) 1is the brightness of the soil surface and By is the brightness
- of the standard (byrate plate) for identical illumination conditions.

Whereas in an analysis of the photoimage of soils on integral panchromatic
photographs it is more important to take into account the reflection coef-
ficient in the visible part of the spectrum, in a multizonal survey it is
necessary to take into account the reflection (brightness) of soils at a
definite wavelength.

The reflection coefficient for soils (with an accuracy to 0.1%) for a def-
inite wavelength was determined directly from the spectral reflection
curve, registered with a spectrophotometer. The SF-10 recording spectropho-
tometer makes it possible to obtain the absolute reflection value in the
visible zone of the spectrum 400-750 nm. In the analysis use was made of

aiv~-dried samples passed through a 0.25-mm sieve. The samples were poured
into instrument cells and leveled by a spherical glass in order to impart
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a uniform roughness to the sample surface during registry hy tne instru-
ment.
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Fig. 2. Spectral reflection curves of experimental sector of steppe zone.
1) meadow-chernozem heavy clayey loam; 2) typical heavy clayey loam cherno-
zem; 3) typical slightly eroded chernozem; 4) typical medium-eroded cherno-
zem; 5) typical medium-eroded chernozem (depth 30-40 cm).

Soil samples of experimental sectors of the steppe and dry steppe zones
were analyzed. Table 10 gives data on the spectral reflectivity of tilled
solls of an experimental sector of the steppe zone. It can be seen that
the total integral reflection coefficient for typical chernozems in the
entire visible zone of the spectrum on the average is 10.7%., Some very
insignificant increase in brightness was observed for typical chernozems
with an increase (up to 11.8%) of effervescence.

Meadow-chernozem soils are close in reflectivity to chernozems (Fig. 2).
In a dry state they cannot be distinguished in plowed land. The differ-
ences in meadow-chernozem soils against the background of chernozems
are attributable to their different moisture content. They are reliably
interpreted due to the nonidentical development of vegetation in these

soils. . . o
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Fig. 3. Spectral reflection curves for soils of undulating sandy plain in
experimental sector of dry steppe zone: 1) meadow-chestnut solonchak-like:
2) meadow-chestnut solonetz-like; 3) dark chestnut sandy loam; 4) meadow
solonchak.
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- The reflectivity for slightly (12.6%) and especially for medium~eroded
chernozems (19-22%) is sharply different from that ef typical chernozems
and meadow-chernozem soils. On photographs they are reliably interpreted
from the light gray image tone.

In a multizonal survey of an experimental sector of the steppe zone use
was made of photographs in the visible zone of the spectrum sensitive
to the green (520 and 540 nm) and red (610-690 nm) zones. In the green
and red spectral zones the reflection of typical chernozems and meadow-
chernozem soils is almost jdentical. In the green zone these soils are
more readily discriminated from calcareous excavated chernozems (the
difference in the reflectivity of these soils in the green zone is 1l.1-
1,2%, in the red zone —— 0.6-0.7%). The differences in reflection be-
tween chernozems and their eroded varieties are sharply expressed in
both the green and red spectral zones.

The spectral reflectivity of solls in the experimental sector in the dry
steppe zone was analyzed for the three principal reglons of this zone.
Dark chestnut sandy loam, meadow-chestnut solls and solonchaks were stud-
ied in the territory of an undulating sandy plain. All these soils, espec~
ially solonchaks, are readily distinguished from one another on the basis
of the mean reflection coefficient in the visible zome (Table 11). The
spectral reflection curves for these soils are given in Fig. 3.

In an experimental sector of the dry steppe zone multizonal surveys were
made at 520 and 540 nm, 610 and 690 nm. A comparative analysis of the re-
flectivity of soils in the green and red zones indicated the following.
The greatest difference in the reflection values for dark chestnut and
meadow-chestnut solonetz-like soils 1s observed in the red (610-690 nm)
zone -~ 5.4 and 6.1% respectively; in the green zone (520 and 540 nm)
zone it is 2.7 and 3.1% respectively with a 4% differemce in reflectivity
of these solls in the entire visible spectral zone.

Salina and meadow solonchaks, having a salt crust on the surface, can be
represented by an identical tone because the reflectivity of the salt
crust (except for the blue-green zone) is close for them, However, solon-
chak vegetation is usually present at the surface of meadow solonchaks.
Accordingly, on the photographs they differ reliably from salina solon-
chaks,

The difference between dark-chestnut and meadow-chestnut soils can be seen

sharply, since for these RC = 12.5-14.9%; for meadow-steppe and steppe

solonetz solls, however, RC = 23.3-24,3% (Table 12). The differences

in the reflectivity of dark chestnut solonetz-like and meadow-chestnut

soils are seen better in the red (610 and 720 nm) spectral zone -- 3.4 and
- 4% respectively, with a general average of 2,4%Z. In the blue-green zome
the corresponding figure is 1.4-2.2%.
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Fig. 4. Spectral reflection curves for soils of ancient runoff valley
of experimental sector of dry-steppe zone: 1) meadow-chestnut solonetz-
like; 2) dark chestnut solonetz—1like; 3) meadow-steppe solonetz soils;
4) steppe solonetz soils.
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Fig. 5. Spectral reflection curves for soils of territory of plateau in
experimental sector of dry steppe zone: 1) meadow-chestnut calcareous; 2)
dark chestnut calcareous; 3) dark chestnut calcareous (small hillocks).
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Fig. 6. Spectral image of territory of sandy desert (according to Kondrat'-
yev, et al., 1972): 1) ground measursments of surface; 2) measurement of
surface from "Soyuz-9."
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Steppe solonetz soils reflect more light and on photographs show up in a
lighter tone than meadow-steppe solonetz soils (Fig. 4). These differences
were also especially clearly established from space photographs of this
territory during the spring survey period when a high soil field moisture
content was expressed in a decrease in reflection of meadow-steppe solonetz
solls.

- The reflectivity of soils was also studied in the territory of plateaus

_ with dark chestnut calcareous, meadow-chestnut calcareous and dark chest-
nut calcareous excavated soils of small hillocks. The reflectivity of
these soils is shown in Fig. 5. The dark chestnut calcareous and meadow
chestnut calcareous soils have a close general reflection coefficient —-
20.0 and 19.1% respectively (Table 13); it was somewhat higher in the red
spectral zone — 24,4-27.6 and 22,8-26%; in the blue-green zone the dif-
ferences in the reflection of these soils are equal to 0 or not more than
1%. In the dry steppe zone dark chestnut and meadow chestnut soils were
most effectively interpreted from photographs taken in the red spectral
zone.

Dark chestnut calcareous excavated soils —— Bmall hillocks [at the
mouth of marmot burrows] —-— as a result of the considerable content of
- carbonates and the lesser humus content in the upper tilled horizon have
: a high reflectivity. On the photographs, in the green and especially in
the red spectral zone, they were represented by a light gray, almost
white tone.

As a result of study of the spectral reflectivity of soils in the steppe
zone it became clear that the lesser the humus content in the soil, the
greater is the reflectivity and the lighter is the soil image on the pho-
tographs, These indices are especially important in the interpretation
of plowed sectors of the soil cover in the steppe zone.

Reflectivity measurements quite clearly indicated that the calcareousness

of rock material is manifested sharply in the blue-green spectral zone,

close to the ultraviolet, where very low reflection coefficients are noted
- for the soils.

At the same time, study of the spectral reflectivity of soils revealed the
necessity for taking into account not only the general reflection coef-
ficient, but also the peculiarities of reflectlon in a specific spectral
zone. Their investigation makes possible a still greater increase in the

- effectiveness of soil cover interpretation, The spectral peculiarities of
the soils and agricultural crops, manifested in different tonality on
multizonal photographs, constitute an important interpretation criterion.

Spectrometric survey of soil cover. Work is successfully developing on
study of the spectral brightness of the earth's surface synchronously
un« - ground conditions, from aircraft and from space.
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As a result of investigation of spectral reflectivity of soils and vege-
tation (Kondrat'yev, et al,, 1972) in the territory of a sandy desert
and from space from the "Soyuz-9" from an altitude of 250 km (synchron-
ously) it was possible to define two fundamental prineiples: 1) during
a survey from space there is an increase in the total brightness of the
soil-vegetation associations in comparison with surface measurements;

2) particularly sharp differences in their reflectlvity are observed in
the blue-green region of the electromagnetic spectrum (Fig. 6).

A spectrometric survey of the earth's surface does not give images in the
form of photographs. It serves for obtaining the spectral characteris—
tics of soils and areas of agricultural crops and the choice of the op-
timum survey zones in a multizonal survey (Rachkulik, Sitnikova, 19763
Tolchel'nikov, Chukov, 1977). For example, ground investigatioms carried
out for study of the surface moisture content of typical chernozems in
an experimental sector of the steppe zone using a spactrometer operating
in the spectral range 0.4~0.5um indicated that the soil dries out rapid-
1y from the surface and moisture content exerts little influence on the
spectral brightness coefficients of the soil (Bulatov, et al., 1976). -

In comparison with a photographic survey, a spectrometric survey for each
s0il or agricultural crop, in dependence on the selected spectral range
and spectral resolution of the apparatus, can give a large number of char-
acteristics., According to data published by Vinogradev and Kondrat 'yev
(1971), it appears that in the range AA0.4-0.7(im with a spectral resolu--
tion AA0.5pm in one spectrum it is possible to obtain up to 60 charac-
teristics of ome soil. An important index is the ratio of the spectral
brightness coefficients (K }\) for definite spectral intervals. It is as-
sumed that

K9 = TArpeq 0.64 = 0.66/r A;p 0.81~0.854 m

is of interest for evaluating moisture content and the humus content in
the soil (Vinogradov, 1976).

A spectrometric survey is of great importance for the semsing of agricul-
tural crops. A study made by foreign specialists in one such experiment
using about 40,000 spectra of these crops indicated that for the recog-
nition of plantings of soy beans, corn, oats, wheat and ved clover it is
most effective to study their spectral brightnesses in three ranges: 0.40-
0.44, 0,66-0.72, 0,72-0.80 pm. The percentage of correct identification
of these crops 1s 85-92%.

We note in conclusion that spectrometric sensing of soils and sown crops,
based on registry of the reflection spectra of sunlight and the charac-
teristic emission of the earth's surface, with respect to the pecullarit-
ies of the measurement method, can be subdivided into: 1) visible and
near-IR —~ 0.3-1.1um; IR, or thermal ~-~ 3.0-300 Hm; 3) microwvave (milli-
meter, centimeter and decimeter radiations).
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At the present time these methods for studying soils and agricultural
crops are in the stage of experimental development in cur country.

Interpretation of Soil Criteria

The specific nature of interpretation of the soil cover relates, in par-
ticular, to the primcipal criteria (direct and indirect) used in the in-
terpretation of aerial and space photographs. The direct interpretation
criteria for the soil cover are tone, color, pattern (texture of the
photoimage), size and shape of the soil units; the indirect criteria are
nature of relief and hydrography, vegetation, man's agricultural activity.

In soil interpretation it is infeasible to be guided by any one interpret-
ation criterion, such as phototone. The most correct analysis of the pho-
toimage of the soil cover can be made only when all the interpretation
criteria are taken into account.

Tone of Photoimage; its Visual and Quantitative Evaluation

The tone of a photoimage of soil and agricultural features on aerial and
space photographs is one of the important, but rather variable criteria.
Visually in soil interpretation it is possible to make successful use of
a gray scale of tones having the following seven stages (Mikhaylov, 1959).

_ Tone Density

1. White 0.1 or less
- 2, Almost white 0.2-0.3

3. Light gray 0.4-0.6

4, Gray 0.7-1.1

5. Dark gray 1.2-1.6

6., Almost black 1.7-2,1

7. Black 2.2 or more

Visually it ic possible to discriminate nine toneé: 1) white; 2) almost
white; 3) light; 4) light gray; 5) gray; 6) dark gray; 7) dark; 8) almost
black; 9) black

In soil Interpretation the presence of a tonal difference between adjacent
soll units is exceptionally important. The interpretation of the soil
cover will be difficult or impossible if its image tone merges with the
general background of the terrain and therefore the transmission of the
boundary optical image contrast (difference in image tone) is the pri-
mary criterion of interpretability of soil formations. In actuality, if
the surface brightness of one soil unit does not differ from the surface
"brightness of another, the boundary between them will not be visible on
ar aserial or space photograph. '
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The brightness contrast is characterized by the centrast value:
Kpy = By - B/B,

where By is the brightness of the object; B is the brightness of the back- -
ground surrounding the object. The minimum brightness difference which is -
discriminated by the eye and which is detected by the photoemulsion is the

contrast threshold and this is demoted AB/B (AB is the minimum brightness -
difference between the object and the background perceived by the eye). The

brightness contrast threshold for the human eye is ~2%. If the contrast be-

tween a soil unit and the surrounding background is above the threshold of

contrast sensitivity, it is reflected by the photographic emulsion.

In addition to a visual evaluation of the tonality of different soils and
sown crops, it is possible to carry out quantitative measurements. Micro-
photometers of the MF-4, IF0-451 and other types are used in measuring the
different density of aerial photographs. -

Using a new electronic instrument, the "Kvantimet-720" image analyzer, it
is possible to discriminate 64 levels of gray tone from photographs and
from films. On the basis of numerous visual-instrumental determinations
these 64 detection levels, in dependence on the determination of the gray
tone on aerospace photographs, were classified into 11 steps in the fol~
lowing way:

1. Black 0-10 7. Gray 35-40
2. Almost black 10-15 . 8. Light gray 40-45
3. Gray-black 15-20 9. Light 45-50
4, Dark 20-25 ° 10. Almost white 50-~55
5. Dark gray 25-30 11. White 55-64

6. Darkish~gray 30-35

On the basis of investigations for measuring the difference AB = By ~ By .
of the boundary optical image contrast of different soil units and plant-
ings of agricultural crops it was possible to prepare a scale of the de-
gree of interpretability of the objects (in relative units).

[The above quantitative scale for .the discrimination of -gray tones was
prepared in determining the detection level from black to white (0-64)
with a setting of sensitivity (response) in manual and automatic regimes
equal to 5.]

Degree of interpretability of objects Difference in boundary contrast
. (levels of gray tone)
Not interpreted or determined doubtedfully 0-2
Weak ‘ "3-5
Medium 6-10
Good 11-20
Sharp 21-30 or more _
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Table 14

Content of Humus, Phosphorus and Potassium in Soils With Different Levels
of Fertility in One of Fields of Experimental Sector of Steppe Zone.
Soils -- Typical, Leached and Calcareous (Excavated) Chernozems

A,
Fywye no Topmy, % 1 Gocdop no Unpukosy 9 Kaaufl no Macnonoh 3
Mroa 100 T nowms 4
0-20 3040 0--20 I 30—~40 l 0-—20 l 3040

- “ Lewvel *I
6,35 5,55 10,4 8,6 20 18
6.56 6,20 10,4 8.0 20 16
6,71 59 .| 12,1 8.6 18 15
6,09 5.67 12,0 9,2 18 16
- 6,79 6.61 1.2 6.3 16 15
6,50 6,35 9,5 7.7 17 15
- 6.22 5,61 8,2 6.8 17 15
~ Mean 648 | 800 | w05 | 77 18 16

- EgNel 1T
6,60 5,9 8,0 — 17 15
6,71 6.07 9,9 7.2 15 15
6.79 5,87 7,6 5,0 17 15
6,60 6.18 6,9 5.9 20 16
6.79 6.72 — 6.1 18 17
6,44 6,20 6,1 6,1 17 16
6,20 5,74 8.2 7.8 16 15
6,50 6,35 8,1 7.6 20 15
6,66 5,69 9,0 8.0 15 14
6,18 5,43 6,8 €.1 14 1
5,26 5.08 6,6 6,1 15 15
6,18 5,43 8.9 8,2 15 4
6,16 5,94 8,2 6,1 17 17
6.60 6,02 9,2 8.2 15 14
6,73 6,42 8,2 8.2 15 14
6,86 5,98 10,2 7.6 15 15
6,24 5,89 8.2 7.8 16 15
5,89 5,58 8,2 - 15 15
6,60 6,42 9,0 8,6 18 16
5.71 5,58 7.5 6.1 17 1
6,60 5,70 8,2. 7,7 17 16
Mean 6.40 5,87 8,5 70 | 16 | 15
N PR y 5 "!Y.‘I-I_I

= 6,75 6,29 5,9 — 5 (3
6,35 5.10 5,7 3,8 13 12
- 6,11 5,23 6,1 5,2 15 12
6,11 5,63 6.6 6.6 t3 13
6,42 6,29 7.4 7.6 15 14
6.38 5,54 6.4 3,2 15 13
6,68 6,42 6,5 5.2 14 13
6.44 6,38 7,5 6.5 17 17
Mean 6.98 5,86 6,5 5,6 7] 13

KEY:
1. Humus (%), according to Tyurin.
2. Phosphorus, according to Chirikov
3. Potassium, according to Maslova
4, mg per 100 g of soil
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- Fig. 7. Aerial photograph of territory of experimental sector of steppe
- zone obtained in red spectral zone (enlargement 3%X); A) field of winter

rye. e

- y /” 7Iia/
- i m

Fig. 8. Levels of gray tome (I, II, IIa, III) detected on aerial photograph
using "Kvantimet-720" instrument. Field of winter rye. Soil -- typical
chernozem and highly leached chernozem; survey time -- spring of 1973;
isopanchromatic film; detection levels from white to black tones.

Thereafter the data from this scale were used in evaluating the reliabil-
ity of interpretation of the soil cover and agricultural fields on both
~ integral and on multizonal aerial and space photographs and films.

It was established in the course of our investigations that the discret-

ization of the initial continuous half-tone image of the soil-vegetation

cover on the photographs into a number of intervals with their quantita-
_ tive discrete coding facilitates the discrimination of regions of the
photograph with similar half-tone intervals. This ensures a better visual
interpretation of slight changes in the brightnesses of the analyzed pho-
tograph and increases the sharpness of perception of vaguely expressed
boundaries of soil-vegetation units. The processing of images on the
"Kvantimet-720" requires the active participation of the interpreter,
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Fig. 9. Color spectrozonal aerial photographs of territory

_ of experimental sector in the steppe zome. Survey time -—-
spring. Water divide sector (at top). Soils -~ typical and
leached chernozems with participation of excavated soils
(at mouth of marmot burrows) on water divides and slightly
and moderately eroded soils on slopes: 1) fallow; 2) field
with boron freshly applied; 3) winter rye; 4) vetch-oats
(sown on 12 April); 5) peas (sown on 10 April); 6) barley
(sown on 9-10 April); 7) gardens; 8) perennial grasses
(regrassing of slopes); 9) meadow-steppe vegetation (meadow-

- chernozem soils). Floodplain sector (at bottom): 10) win-
ter rye, in spring grazed by cattle; 11) stubble (prior year
with weeds); 12) alluvial-meadow; 13) alluvial-meadow-swampy

- soils.
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who together with the machine ensures the most complete and precise so~
lution of the formulated problems in the soil interpretation of the image
of aerial and space photographs and soil mapping.

The "Kvantimet-720" instrument makes it possible, amidst seemingly visu-
ally wniform, alaost white, gray or almost black images of agricultural
fields or soil units, to detect a differentiation in tomne omn the photo-
graphs. This is of great importance for soil mapping. A study of tone dif-
ferentiation 1s of considerable interest because it is related to differ-
ences of soils, their fertility and yields, the state and development of
agricultural crops.

As a result of quantization By use of the "Kvantimet-720" for an almost
uniform white image of a sugar beet fieid (soil -- typical chernozem)

it was possible to diseriminate three units different with Tespect to
the level of gray tome, reflecting the state of development and maturity
of sugar beets. The almost black tone around the sugar beet field on the
photograph corresponds to the photoimage of a plowed surface of typical
chernozem.

Figures 7 and 8 show the discrimination of gray tome levels for a visual-
1y uniform, almost Black photoimage of a field of winter rye (A). There
is some difference in discrimination of the units from the photograph and
from the film, but on the whole the general image pattern is retained.
The first level of the darkest image tone for winter rye vas discovered
at the intersection of two.roads in the direction of a populated place.
The second is situated along roads emanating from the populated place.

It can he assumed that these sectors are the best cultivated and fertil-
ized. In the course of the investigations these assumptions were confirm-
ed. Table 14 gives data on centent of humus and mobile phosphorus and
potassium. With respect to soil humus supplies, the three considered
levels are identical, whereas with respect to content of phosphorus and
potassium there are differences.

In the autumn of 1975, at .ae three levels of the investigated field dis-
criminated by means of an image analyzer, a determination was made of the
yleld of clover (aftercrop). The data ecited in Table 15 indicate a differ-
ence in the three levels with respect to crop yield.

. L)
Thus, the tonal differences on the photographs (frequenfly not distinguish-
able visually) by means of modern electronic readout instruments can be
used for discriminating soils with respect to the degree of soil cultiva-
tion and in determining the yield of agricultural crops.

Table 16 gives the changes in tone of the photoimage of the principal
soils in the steppe zone (for a dry surface) in their interpretation
from isopanchromatic photographs. :
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Characteristics of the photoimage tone of soils on space photographs. On
space photographs another important criterion for interpretation of the
soil cover is tome. In the steppe zome gray and light gray tones corres-
pond to chestnut soils; a dark gray tone is characteristic for typical
and ordinary chernozems. A bright-light toné corresponds to solonchaks,

On the basis of photoimage tone (dark gray, almost black) alluvial-moist-
meadow soils of a low floodplain there is a reliable discrimination from
alluvial-meadow steppized soils of a high floodpldin. A change in image
tone on space photographs serves as an important indicator of the nature
of moistening of the soil cover. For example, on a space photograph of
the territory of Texas obtained from "Gemini-4" on the basis of the dark
tone of the photoimage it is poasible to determine the zone of soil cover
moistening as a result of a recent rain over an enormous territoxy. The
area of the moistened soils has an elongated conical shape.

A specific problem in the use of space materials in soil science is that on
space photographs we must frequently deal with the integral phototone of
the image of soil and agricultural features. A study of individual tonal

- components of individual features and a study of their leading role in
the generalizing photoimage of a space photograph is one of the most im-
portant scientific tasks of the immediate future.

During recent years extensive use has been made of a nultizonal aerial and
space survey of natural features. In the interpretation of the soil cover
on photographs taken synchronously for the same territorial sector, but in
different zonmes of the electromagnetic spectrum,the principal interpreta-
tion criterion is a change in tone and the degree of image contrast for
different soils.

One and the same soil and agricultural units on photographs in different
spectral zones show up in a different tone. For example, in the territory
of an experimental sector of the steppe zone a change in the phototone
of fields occupied by sugar beets or perennial grasses in different spec-
tral zones varies from almost white to dark gray. However, the photoimage
of fields occupied by winter crops changes to a lesser degree and the im-
age tone of plowed sectors of typical chernozems remains virtually con-
stant on photographs in different spectral zones. These characteristics
of a multizome survey make it possible to carry out a more objective in~-
- terpretation of the soil cover and the use of photonetric instruments
makes possible an approach to obtaining the quantitative characteristics
and automation of the interpretation process.

Color of Photoimage of Soil Cover on "Natural" and Spectrozonal Photographs

In connection with the development of color and especially spectrozonal
surveys of the soil cover an important direct interpretation criterion
is .he color of the photoimage of soils, vegetation and agricultural
crops. L. M. Gol'dman (1960), Yu. A. Zaytsev, L. A. Mukhina (1966),
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Polyakov (1972), Simakova (1959), Shvede (1977), J. T. Parry, et al. (1969)
note that on photographs with natural or conventional color transmission
the color is more constant than the phototone of black-and-white photo-
graphs. Changes in survey conditions and differences in character of the
surface cause only insignificant changes in the brightness of the color
and saturation, but not the color of the image, which makes it possible

to use color as a stable interpretation criterion for soils and agricul-
tural crops. ’

Color three-layer aerial and space photographs give a terrain image in
colors close to natural. For example, sectors of the soil cover subjected
to piowing and covered by an agricultural crop differ from one another in
color. In contrast to areas of chernozems having a brownish~dark gray
image color, areas of meadow or alluvial soils show up in a green color
characteristic for vegetation. However, the image of woody and also grassy
vegetation @n ~olor photographs is in poor detail: on photographe there

is an inadequately clear differentiation of alluvial soils of the high
and low floodplain —- soddy-gleyey and drier soddy gleyey soils, etc.

Spectrozonal color photographs have broader possibilities with respect

to the discrimination of different soil varieties. The use of .a spectro-
zonal survey increases the effectiveness of soill interpretation because
soils can be interpreted in that spectral zone in which the differences
in reflectivity are manifested most clearly. Vegetation and soils have a
different reflectivity. Whereas for soils the greatest differences are
observed in the spectral zone with a wavelength of 700 nm or more, for
vegetation the greatest differences are in two zones: 520-600 and more
than 700 nm. The photographing of the soil cover in these spectral zones
increases the degree of their interpretability. Whereas on black-and-white
panchromatic photographs light-gray clayey loam and light gray sandy loam
soils show up in a uniform light gray tone, on spectrozonal photographs
these varieties are characterized by a greenish-yellow color in the

first case and a light yellow color in the second case.

On black-and-white photographs the areas of alluvial and meadow-chernozem
soils with respect to tone usually merge with the image of dark gray forest
gsoils and chernozems. These boundaries can be seen clearly on spectrozonal
photographs.

C. Girard (1972), at the 12th International Congress of Photogrammetrists
in Canada, reported that color spectrozonal aerial photographs have been
used successfully in agriculture. They can be used in determining areas
with different agricultural crops (grains, beets, alfalfa, potatoes, etc.).
The reaction of plants to different applications of nitrogen fertilizers
on the soil is clearly apparent. In individual cases on the basis of the
nature of the image of one and the same crop it is possible to judge dif-
ferent precursors. In fields with mature grain crops it is easy to detect
shortcomings in the chemical processing of the fields from the presence

of weeds., On the basis of the presence or absence of weeds, clearly visible
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on the photographs, it is possible to judge the effectiveness of differ-
ent methods for the weeding of agricultural crops. It is possible to es-
tablish the effectiveness of fallow because agricultural crops sown on
fallow differ clearly from similar crops sown with different precursors.
It 1s possible to discriminate plantings of perennial grasses in depen-
dence on the year of use.

The use of color as an interpretation criterion and the surveying of the
soil cover in a definite spectral zone made it possible to improve the
interpretability of a number of soils in the dry-steppe zone from spec-
trozonal photographs: poorly developed chestnut, chestnut solonetz~like,
meadow-chestnut, steppe solonetz soils formed on Paleogene clays, meadow-
swampy or other soils. Dark chestnut, calcareous dark chestnut, eroded
dark chestnut, meadow chestnut, steppe and meadow-steppe solonetz soils
were interpreted better from photographs of the SN-23 type. Sandy loam
dark chestnut, meadow solonetz, swampy, meadow swampy and meadow soils
are determined more effectively from photographs of the SN-2M and SN-5
types (Polyakov, 1972).

‘On spectrozonal photographs, on the basls of change in color, it 1is easy
to detect different humus content, calcareousness. and change in the mech-
anical composition of the soil, Sandy and sandy loam solls appear light
yellow or in a light green-yellow color; medium and highly eroded areas
also have a light yellow or greenish-yellow color, With an increase in the
content of humus and moisture in the soil there is a change in color from
light green to dark green (in plowed sectors). Surface calcareousness of
soils ig manifested in light green and yellowish-light green tones.

An important advantage of spectrozonal photographs over black-and~white
photographs 1s also that floodplain soils on the basis of their color
show up more differentially, As an example we will examine black~and~
white and spectrozonal aerial photographs of the territory of one of
the floodplains of an experimental sector of the steppe zone.

Alluvial.floodplain soils are formed under the influence of natural silt
deposition by rivers. The analyzed floodplain is covered by sedge-meadow
grass meadows with an admixture of meadow grasses of different species.

On a spectrozonal color aerial photograph a reddish-brown color corres-
ponds to an alluvial meadow-swampy partially drained soll and a greenish-
yellow color corresponds to an alluvial meadow~swampy soil (Fig. 9, see
insert). On black-and-white photegraphs they have light gray and dark
gray tones. In the area of alluvial swampy meliorated soils on spectro-
zonal photographs the reddish~brown and yellowish-green colors clearly
reveal the difference in the degree of moistening of these soils. On
black-and-white photographs this difference is difficult to trace from
the gray and dark gray tones on spring, summer and autumn photographs.

Still another significant advantage of color spectrozonal photographs. over
black-~and-~white photographs is that in exploited areas different agricul-
tural crops show up in different colors in dependence on the development
stage (see Fig, 9 in insert),
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On these photographs it is easy to discriminate sectors of soils with

an open surface having a green color of different saturation. A reddish-
brown color of different intensity corresponds to ravines with meadow-
chernozem soils; the moister and denser the vegetation, the more saturated
will be the reddish-brown color of its image.

In the maturity stage fields of grains have a greenish~-yellow-brown color;
fields of grasses (sweetclover, alfalfa) have a red-orange color; corn
has a brownish color. A reddish-gray color (of different intensity) is
observed for chernozems covered by young shoots of agricultural crops.

In conclusion we will cite experience in investigation of the interpreta-
bility of the soil cover from different types of color spectrozonal aerial
photographs sensitive to different spectral zones, carried out in one of
the sectors of the steppe zone.

An analysis was made of the entire visible zone of the spectrum character-
igtic for the three-layer color negative film TsN-3, the IR and red zones
of the spectrum for the spectrozonal film SN-2M and the more sensitive
film SN-6, the IR and green zones of the spectrum of SN-5 film, the green
and red zones of the spectrum of SN~-4 film, the green, red and IR zones
of the spectrum of color spectrogonal film SN-23.

The soil cover of the analyzed territory is represented by highly leached
chernozems, residual calcareous chernozems, solonetz-like chernozems,
solonetz-like chernozems, and also meadow-chernozem and meadow-swamp
soils.

On SN-6 and SN-5 spectrozonal photographs residual-calcareous soils are
readily interpreted from a yellow-brown or greenish-brown color. On SN-5
aerial photographs areas with residual-calcareous chernozems have a

more greenish color and are interpreted more clearly. On color (TsN-3)
and spectrozonal photographs (SN-4) these solls appear homogeneous or

in a dirty-green color and are interpreted with greater difficulty. On
all types of spectrozonal photographs the areas of solonetz-like soils
(in the case of their plowing) show up in a dark green color due to a
high (~8%) humus content and heavy mechanical composition. Against the
image background of these soils on the basis of light yellow spots there
is reliable interpretation of areas of thin residual calcareous rocky
chernozems. In sectors covered by scrub (blackthorn, hawthorn and other
speciles) or under a sparse vegetation of different kinds of grasses, these
soils are interpreted differently. On photographs from SN-4 film the

dry steppe shows up in a light yellow color; from SN-6 and SN-23 film --
yellowish-greenish; from SN-5 — light green.

Sectors covéred with blackthorn had a brown color on photographs from SN-
23 filr, but on photographs from SN-4, SN-5 film -~ a similar brownish-
dark green color. The least differences in the vegetation cover of forest
and scrubby-grassy vegetation were observed on color (TsN-3) and spectro-
zonal (SN-4) photograpns. It is therefore more difficult to interpret
soils from them.
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Meadow~chernozem and chernozem-meadow soils are covered by forest vege-
tation (oak, pear, poplar and other species). On eolor (TsN-3) and spec~
trozonal photographs of the SN~4 type the image of these soils merge
with the image of highly leached and residual calcareous chernozems; on
spectrozonal photographs of the SN~5 and especially the SN-6 and SN~23
types this difference is sharper in the greenish-yellow-brown cor green-
ish-red-brown colecr. .

. Meadow-swampy soils covered with meadow-swamp vegetation were formed on
the lower part of slopes in mesodepressions. Areas of these soils showed
up clearly on color and spectrozonal photographs of the SN-6 and SN-23
types. These sectors appeared to have less contrast on SN-4 and SN-5
photographs. An analysis of color and spectrozonal photographs of dif-
ferent types indicated that the best results of interpretation of the
soil cover from the different color of the photoimage were obtained from
photographs prepared from SN~6 and SN-23 spectrozonal film. The inter-
pretation of soils of forested sectors was particularly reliable when us-
ing these photographs.

Thus, the color of the soil cover is a reliable interpretation criterion.
However, it is necessary to take into account what type of film, color
or spectrozonal, is used in interpretation. Depending on this, not only
the color diagnostic criteria of the photoimage of the soil cover, but
also the effectiveness of its interpretation will be different.

Specific characteristics of color of soil photoimage on space photographs.
Color is an important interpretation criterion for the study of soils

from space photographs. In the USSR the first color photograph of the
earth was obtained on 8 August 1969 by the automatic station “Zond-7" using
. an aerial camera with a long focal length (400 mm) from a distance of

- 70,000 km.

- During flight of the long-lived "Salyut" orbital station hand cameras were
used in obtaining color photographs on which lateritic and ferralitic soils
- of tropical regions were clearly discriminated (Kravtsova, 1977).

Using color photographs obtained during flights of the "Gemini" and "Apol-
lo" spaceships for desert territories of Africa and Asia with a well-ex~-
posed surface of the soil cover, on the basis of the color differences

we easily determined the following soils. In the territory of the Namib
desert in a survey in June 1965 from an altitude of 330 km on Kodak-Ecta-
chrom film a reddish color corresponded to ridged deflatable and semicon-
solidated sands and an almost white color corresponded to a pebbly-rocky
type of soils of the tropical deserts. In the territory of the southeas t-
ern part of the Arabian Peninsula in a survey in August 1965 from an alti-
tude of 180 km on Kodak-Ectachrom film a reddish color corresponded to
ridced deflatable and semiconsolidated sands of the Rub'al-Khali desert
and a reddish color with a blue hue corresponded to soils of the tropical
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deserts with sandy of fshore bars; the soils of oases had a dark blue color
and coastal lagoons and swamps had a still darker blue color.

In the territory of southwestern Morocco, in a survey in August 1965, from

an altitude of 250 km, on Kodak-—Ectachrom film a dark red color correspond-
- ed to mountainous red-brown and brown soils, On the photograph their eroded
variants had a bright red hue. Cinnamon and gray cinnamon soils had a gray-
yellow color, whereas the soils of oases had a dark blue color.

In our investigations we also carried out a comparison of the photoimages
of the soil cover and agricultural crops of the steppe zone of the USSR

on the basis of color and spectrozonal phatographs taken from space in

the autumn of 1975. On a color photograph southern chernozems are shown

in a brown color and sandy loam and sandy chestnut §gils, on the other hand,
appear light brown; on a spectrozonal photograph the corresponding colors
are violet and light violet. On a color photograph eroded chernozems had

a light brown color; on a spectrozonal photograph —- light gray with a
violet hue.

On spectrozonal photographs it was considerably easier to see differentia-
tion of aliuvial-meadow, moist meadow and meadow-swampy soils, represent-
ed by light violet, violet and dark green with a violet hue respectively.
On color photographs these soils had marked differences of a green colox,
On spectrozonal photographs irrigated fields of winter wheat and alfalfa
were interpreted with greater contrast from a bright green color, whe_eas
an almost white color corresponded to rice fields prior to harvest.

In unirrigated fields winter wheat had a light green color with a violet
hue; the slower the development of the winter sprouts of the winter crop,
the brighter was the violet color. Fields with grasses were interpreted
from a green color, whereas sectors of forest were interpreted from a
dark green color on the image of an SN-8 spectrozonal photograph.

In a space survey, the same as in an aerial survey, the greatest effect
in soil recognition was obtained from spectrozonal photographs.

New possibilities for the use of color as an Interpretation criterion arose
in connection with a multizonal survey. Color images can be obtained from
multizonal black—and-white photographs by means of the additive method. For
this purpose each of the zones during printing from black-and-white neg-
atives 18 colored a definite color and when they are put together there

is a synthesized color image with a natural or conventional color trans-—
mission. The MSP—4 optical-méchanical synthesizer has great possibilities
in this respect. It makes it possible to obtain a color image of soils

and planted crops with the use of those spectral zones where their dif-
ferences are maximum.

Size and Shape of Photoimage of Soil Units
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The size and shape of soll units are direct criteria. With respect to

shape and size the soil units may be very different. These are not charac-

- terized by that clearly expressed definiteness which is observed for topo-
graphic, hydrographic and other terrain features. However, in a number of
cases the size and shape of the units have a definite character. For ex-
ample, in the interpretation of meadow-chernozem and meadow-chestnut soils
associated with depressions and ravines it must be taken into account
that the outlines of these soils are elongated. Meadow and meadow-cherno-
zem soils of depressions in most cases form small areas with a circular

- or "blade" configuration.

The extent of the image of so0il areas is dependent on the survey scale. It

has been established that the limiting possibilities of each scale are de-

termined by the film resolution, aerial camera objective, photopaper and

. human eye. The minimum measurement which can be represented on photographs

; at 1:50,000 is 5 m, 1:25,000 -~ 2.5 m and 1:10,000 -~ 1 m under the condi-
tion that the resolution of the photographs on the average is 10-12 lines/
mm. With a resolution of the eye of 5 lines/mm in the work it is possible
to use photographs enlarged 2-4% or more (8~10%). With the use of enlarged
photographs the interpretability of the soil cover of small complex sectors
of the territory is improved and facilitated. In our investigations photo-
graphs with a scale 1:40,000-1:50,000, enlarged to 1:10,000-1:12,000, had
easily ideuntifiable soll units.

- The shape of the soil units is perceived more readily and is interpreted
more accurately with an increase in the perimeter of the unit and an in-
crease in the contrast between the soil unit and the surrounding background.
This is reflected in the accuracy of soil mapping (Platomenko, 1960).

Elements of the gully erosion (rills and gullies) are successfully inter-
preted from the shapes and sizes on aerial and space photographs. Gullies
are represented on the photographs by a narrow, clearly defined zigzag
shape. Due to the destruction of the soil cover, washing cway of humus and
laying bare of soil-forming rocks they are represented by a bright-light
tone. On aerial photographs it is possible to discriminate all stages in
gully formation from the change in shape and size of the image (Fig. 10).

On aerial photographs ravines have an elongated, somewhat sinuous dendritic
configuration. The bottoms and slopes of the ravines are covered by vege-
tation. On aerial photographs the upper parts of ravines are usually rep-
resented by a uniform gray tone which corresponds to the image of less
moisture-loving vegetation and the development of meadow or meadow-cherno-
zem and meadow-chestnut soils. The middle and lower parts of the ravines
are represented by a dark gray tune, which is caused by the development

of denser moisture-loving vegetation. In a number of cases at the bottom

- of a ravine it is possible to see a thin sinuous dark line corresponding

= to the watercourse and ravine.

Along the slopes of gullies and ravines of different steepness and extent

there are sectors of sheet erosion of the soil cover. The photographs
show the extent of areas of slightly eroded and especially medium and
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highly eroded soils which usually have a configuration elongated along the
gullies and ravines (Afanas'yeva, 1965; Lepeshev, Smeyan, 1975; Semenova,
1961). In the study of the size and shape of soil units, especially of com-
Plex and eroded territories, the use of the quantitative microphotometric
research method is promising (Orlov, 1977; Yantush, 1963).

Fig. 10. Change in shape and size of image in dependence on different stages
in gully formation and soil sheet erosion: 1) washed-out hollows; 2) "hang-
ing gully" stage; 3) gully in stage of development of equilibrium profile;
4) ravines; 5) leached chernozem; 6) leached chernosem with slight sheet
erosion; 7) leached chernozem with medium and heavy sheet erosion.

Figure 11 shows three microphotometric profiles characterizing the photoim—~
age of ordinary chernozem, ordinary chernozem with slight and medium ero-
sion and highly eroded chernozem. We note the different form of the micro-
photometric traces, related to the different nature of vertical erosional
dissection and sheet erosion of the soil cover. The set of similar micro-
photometric traces and photoimages makes possible a more objective (with
quantitative parameters) approach to the study and mapping of eroded soils
from aerial and space photographs.

The materials of aerial and space surveys make it possible to trace the de-
pendence of gully form horizontally on the form of the slope on which lin-
ear erosion develops. For example, linear, rhomboidal, bulb-shaped, lentic~
ular and other forms of gullies can be traced successfully on photographs.
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Fig. 11. Microphotometric soil profiles characterizing the photoimage of
ordinary chernozem (top left), ordinary chernozem with slight and medium
erosion (top right), ordinary highly eroded chernozem (bottom).

Characteristics of size and shape of photoimage of soils on’'space photo-
graphs. On space photographs at a scale of 1:1,000,000~1:2,500,000 in the
steppe zone it is easy to determine natural regions with a different char-
acter of erosional dissection. The photographs show the main gullies,
their lateral branches and sectors with an intensive growth of gully ero-
sion.

In the territory of Kazakhstan and Western Siberia a light, almost white
tone for a formation of small extent with a circular configuration corres-
ponds to a solonchak (salina). NMumerous lakes have a similar size and
shape but a dark tone. As a rule, bitter salt -lakes have a light-colored
annular rim of shore solonchaks. Amidst -sandy expanses, from the ridged
form of the photoimage on space photographs, it is possible to glve a
successful interpretation of fine and coarse ridged sands. The photographs
show that along the main direction of the prevailing winds the extent of
the ridges can attain tens and hundreds of kilometers.

Regions which are agriculturally exploited are interpreted primarily from

. a checkered regular pattern of agricultural fields of a rectangular,

square, polygonal form having a different image tone.'On the basis of field
size it is possible to discriminate unirrigated sectors having larger fields
in the form of squares and rectangles, frequently of irregular configura-
tion, and irrigated sectors with smaller fields having primarily a square
shape of the image on space photographs.

In most cases the size and shape of the soil units are governed by the
nature of the relief of the studied territory and serve as a component
part of different patterns (textures) of the photoimage of the soill cover.
Texture (Pattern) of Photoimage of Soil Cover and its Classification

This criterion is the most stable and reliable in soil interpretation. It
includes a different comhination of sizes, shapes, tonalities or colors

of the photoimage of the soils on aerial and space photographs. The
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<! chief advantage of aerospace materials in comparison with topographic and
land surveying plans is that they characterize the spatial distribution of
the soil cover. The structure of the soil cover is reflected only on aer-
ial and space photographs. Aerospace photographs with the greatest com-
pleteness make it possihle to study the geometry of structures of the soil
- cover, its composition, complexity, contrast, nature of the boundaries
of elementary soil areas.

The characterization of structure provides for the description not only of
the composition and components of the soil cover, but also a study of its
interrelationships, processes of evolution and spatial pattern created by
, the soil units (Fridland, 1972). The materials of an aerospace survey, re-
- flecting in detail the soil-vegetation cover of the earth's surface, make
Il it possible to study the characteristics of structure of the soil cover _
complexly in interrelationship to other elements of the natural landscape.

Different types of spottiness of the soil cover are rather easily deter-
mined in plowed areas when materials from an aerial photographic survey
are available. When these are not available the mapping of spottiness and
complexes becomes time-consuming work which is very costly. V. M. Fridland
(1972), in examining the problem of methods for studying the structure of
the soil cover, points out that an effective method for compiling key pro-
files and maps necessary for the study of structure is the use of aerial
photographs of different types and scales. The materials from an aerial
photographic suxvey make it possible to discriminate mot only areas of dif-
ferent comhination structures of the soil cover, but also to discriminate
. elementary soil areas measuring up to 10-15 m. Elementary soil structures
, with the use of aerial photographs were discriminated in a detailed survey
: in the fields of the Kurskaya Agricultural Experimental Station (Sorokina,
- 1976). ‘

In our investigations of the photoimage texture related to the structure

of the soll cover we use a visual-instrumental quantitative method for

the analysis of photographs with use of the "Kvantimet-720." Table 17

- gives the morphometric indices of a two-component complex in the steppe

- zone, represented by meadow-steppe solonchak-like solonetz soils (situated

' on the main surface of the terrace) and chernozem-meadow solonetz-like soils *
on the bottoms of microdepressions. An analysis of the complex fine-spotted
pattern of the photoimage was made for five areas of virgin land and three

- plowed areas (measurement variants) of a complex each with an area of 1 hec~
tare (the KR and KS coefficients were both computed using formulas cited in

_ a monograph by V. M. Fridland).

The "Kvantimet-720" instrument made it possible not only to obtain the quan-
titative characteristics of the photoimage of structure of the soil cover,
represented by a two-component complex, but also to analyze the patterns of
their spatial variation, For example, the plowing of virgin land sectors
leads to a substantial change in the quantitative indices of their photo-
image. During plowing there is a leveling of surface microrelief and a
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marked decrease in the number of small depressions. This is indicated by a
decrease in the ESA (elementary soil area) number for chernozemmeadow
soils and there is a simultaneous increase in their mean area. There 1s

an evening-out of the boundaries of large ESA, which is manifested in a
decrease in the total extent of the boundaries (total periueter of the
ESA), the mean value of the KR and a decrease in the complexity of the

KS for the soil cover. (KS = complexity coefficient; KR = mean dissection
coefficient)

L. A. Bogomolov (1976) describes an optical-geometric and genetic class~
ification of the aerial photographic image of the textures of natural-
territorial ‘complexes. He discriminates homogeneous structureless, blurred
and indefinite texture, sharp with a clearly expressed unovdered texture,
etc. Photographs are a means for storing soil-agricultural information.

In this connection a new direction is developing —- study of the language
of the photoimage of photographs by means of identification of character-
istic structures. In the future it is realistic to expect an effect from
the use of remote methods for study .of automatic interpretation from spec-—
tral images and image texture.

On the basis of use of ERTS photographs specialists in the United States
have tested machine analysis with the use of a combination of textural and
spectral characteristics for the identification of lands of different cate-
gories of use (coniferous and hardwood forests, meadows, waters, irrigated
lands). The accuracy in determination was 83.5%. Accordingly, study of the
textures of the photoimage of the soil cover on aerial and space photo-
graphs and their classification, determination of the correlations between
them and the structure of the soil cover is a necessary condition for the
reliable interpretation of soils from aerial and space photographs.

As the basls for the classification of the textures of the photoimage of the
soil cover on aerial and space photographs we used the difference in pat-
terns in dependence on the geometry of the photoimage, spectral character-

- istics and genesis of the soils.

The largest subdivisions of textures of the soil cover were discriminated
on the basis of the zonal-provincial principle. They include patterms

of the photoimage characteristic for: arctic and tundra, forest, wooded
steppe, steppe, dry steppe, desert and subtropical zomes.

Depending on the degree of agricultural exploitation of the territories
of the above-mentioned zones it is possible to discriminate the follow-
ing categories of lands: 1) agriculturally exploited; 2) agriculturally
exploited with some virgin lands; 3) virgin lands, poorly exploited lands.

Within the corresponding soil zonme and category of lands there is a subdiv-
ision of textures (patterns) of the photoimage into classes in dependence
on “he conditions under which the soils are formed. The diverse textures of
the photoimage of the soll cover are placed into four major classes (Fig.
12).
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1. The textures (patterns) of the photoimage of the soil cover character-
istic for automorphous, polymorphous and hydromorphous conditions (A, B).

2. Textures (patterns) of the photoimage of the soil cover characteristic
for sectors subject to erosion (with subdivision into territories with the
presence of wind erosion) (C, D).

3. Textures (patterns) of the photoimage of the soil cover characteristic
for floodplain conditiocus (E).

4. Textures (patterns) of the photoimage of the soil cover characteristic
for mountainous conditions.

Within these classes division into different types of textures is carried
out in dependence on geometry: shape, size and spectral characteristics

—~ the different tone of the photoimage of soil units. It must be taken
into account that there can be individual combinations of types of textures
of the photoimage.

Textures of the photoimage of the soil cover determined from aerial photo-
graphs. Now we will examine different types of textures of the photoimage
and their relationship to the nature of the soil cover,

1. For the automorphous conditions of the steppe zome the typical and or-
dinary chernozems of clayey loam mechanical composition are characterized
by a monotonic structureless texture of dark gray or almost black tone
(in the case of fresh plowing of the soils). The soil arcas of extensive
extent are frequently of an indefinite shape. This texture is character-
istic for lowland and slightly undulating territories.

For southern chernozems and dark chestnut soils there is a typical point
texture of a light tone related to the image of hillocks ~- excavated cal-
careous soils on the photographs. Depending on the degree of this pheno—
menon it is possible to discriminate a point structure for southern cher-
nozems and a thinnly spaced point structure (points less frequent by a
factor of 3-4) for dark chestnut soils.

Relatively less common in the territory of the steppe zome is a curved~band-
ed structure characteristic of the image of ridge and interridge depres-—
sions or related to unexpressed differences in the nature of the soil-
forming rocks. As an example of the first case we can mention the image

of southern thin pebbly calcareous chernozems formed on demse rocks in

the territory of low ridges of the Syrtovoye Zavolzh'ye steppe. In the
second case the appearance of a curved-banded texture is attributable to
the image of calcareous clayey loam chernozem on the photographs, formed
on calcareous rocks. The automorphous~hydromorphous conditions of the
steppe zone are characterized by a spotty, dendritic and point-spotty tex-
ture of the photoimage. The appearance of this texture is related to the
occurrence of meadow-chernozem (in the chernozem zone) or meadow-chestnut
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(in the chestnut zone) solls formed in circular or longitudinal depres-
sions. In these cases spotty and dendritic textures have a dark gray or
almost dark image tone. In the northern wooded steppe part, against the
dark gray image background of podzolized and leached chernozems, the
spotty texture can have a light gray tone related to the image of gray
forest podzolized gleyey soils of depressions. '

) Now we will examine the textures (patterns) of the photoimage of the soil
- cover characteristic for halogene automorphous and hydromorphous condi~
tions of the dry steppe zonme. In general, for this class of textures there
is a characteristic complex pattern consisting of a combination of gran-
ular, spotty-openwork, corrugated and trough-dendritic textures. For ex-
ample, a three—component complex of dark chestnut solonetz~like, meadow-
chestnut and meadow-steppe deep soils has a granular, fine-spotted open-
work texture.

= A dotted-corrugated, spotty-openwork texture is characteristic for a com
plex soil cover represented by meadow-steppe solonetz, solonetz-like mead-
ow-chernozem, composite meadow~chernozem and meadow solonchak soils. A
spotty-openwork structure is characteristic of the image of meadow solon-
etz soils against a background of chernozem-meadow solonetz~1like soils.
The image of alkaline podzols has a rounded-spotted texture. Meadow sol-
onchaks on the photographs have a large spot, annular or arcuate texture
of an almost white tone. The formation of annular or arcuate textures is
associated with a soil cover.which is formed around swales, swamps and
lakes. In the dry steppe zone (chestnut soils) weedy solonchaks have form—
ed along the shores of bitter salt lakes; then from the center to the per-
iphery there are meadow solonchaks and beyond them -- solonchak-like meadow-
chestnut soils,.

2. The image of a soil cover subjected to water erosion on the photographs
is characterized by the following textures. A low-contrast shallow-trough
texture of a somewhat lighter tone than the surrounding watershed expanses
is represented by slightly eroded chernozems formed on slizhtly convex
slopes and ravines. Depending on the form of the slope this texture can
acquire a fan-shaped character, for example, in the territory of the heads
of gullies and ravines.

The following types of textures, which were discriminated from the increase
in the degree of erosion of the territories, include striated-rill, ‘striat-
ed-rill-gully, rill-ribbed-gully, rill-gully-ravine~dendritic. The forma-
tion of these textures is related to the development of linear and plane
erosion and is characterized by the presence of slightly, medium- and
strongly eroded chernozems. In the zone of occurrence of southern cherno-
zems on long gentle slopes there is a dotted-troughlike texture. In the
territory of the steppe Syrtovoye Zavolzh'ye the upper part of the watershed
slopes 1s characterized by a dotted-striated-troughlike texture with slight-—
1y roded southern chernozems. A banded-troughlike texture is typical for
short convex slopes of watersheds and the depressions below the watersheds
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KEY TO FIGURE 12

A. Fine-spotted-dendritic (spots of a dark gray or almost black tone) tex—

ture of photoimage of soil cover from aerial photographs, characteristic

for automorphous, polymorphous and hydromorphous conditions of steppe zone:

1) typical clayey loam chernozem; 2) meadow-chernozem clayey loam soil; 3)
meadow-chernozem elutriated soil. B. Complex spotted~openwork-serrated and
troughlike-dendritic texture (dark gray, gray and light gray tones) charac- :
teristic for halogene automorphous, polymorphous and hydromorphous condi- -
tions of dry steppe zonej 1) heawy clayey loam southern chernozem; 2) sol- :
onetzlike southern chernozem; 3) meadow-chernozem clayey loam soil; 4)

steppe solonchak-like clayey loam solonetz soils. C. Troughlike-demdritic

(dark gray, gray and light gray tones) texture of photoimage of soil cover .
subjected to water erosion: 1) clayey loam southern chernozem and slightly

eroded southern chernozem; 2) meadow-chernozem clayey loam soil; 3) southern i
chernozem, calcareous, excavated soil at mouth of marmot burrows. D. Moiré-
spotted-annular (light gray and almost white tone) texture of photoimage
of soil cover subjected to wind erosion: 1) light .clayey loam and sandy
loam meadow-chernozem soil; 2) sandy, deflatable meadow-chernozem soil. E.
Meandering-ox-bow~-segmented (almost black, dark gray, gray, light gray and
almost white tones) texture, characteristic for floodplain conditions: 1)

alluvial sandy; 2) alluvial solonetz-like clayey loam soil; 3) alluvial :
moist-meadow clayey loam soil; 4) alluvial meadow-swampy clayey loam soil

where slightly eroded southern chernozems and meadow-chernozem soils re-

spectively are formed. Individual slopes of watersheds with southern ex-

cavated chernozems and southern eroded chernozems and meadow-chernozem i
soils in longitudinal depressions have a complex dotted-troughlike-—den- i
dritic photoimage texture.

The image of a soil cover subjected to plane water erosion (sheet erosion)
is characterized by a spotty, curved-banded or circular-bladelike dendritic
texture, The photoimage tone, due to sheet erosion of the soil layer con-

taining humus, as a rule has a light gray or almost white tone. In places

with active erosional activity the photoimage texture changes, acquiring
a granular-ravined-dendritic (typical for sodded and forested slopes of
ravines) or ravined-dendritic form (sodded ravines).

The image of a soil cover subjected to wind erosion has a spotty, spotty-
wedgelike and spotty—moiré texture. The photoimage tone for the most part
1s 1ight gray or almost white. Whereas the spotty and especially the

wedgelika texture of a light gray tone is evidence of an active manifesta- i
tion of wind erosion processes, the moird pattern is typical for sandy loam

and light clayey loam sand-permeated soils subjected to a small degree

to deflation processes.

3. Among the textures (patterns) of the soil cover photoimage characteris-

tic for floodplain conditions it is possible to discriminate segmental,
meander-ox~bow lake, meander-spotty, estuary-large-spotted. For example,
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Fig. 13.

. . 76
FOR OFFICIAL USE ONLY -

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

KEY TO FIGURE 13

A, Banded-spotty-mottled field (from almost white to a dark gray tonme)
photoimage texture of the soil cover from space photographs characteris-
tic for the steppe and dry steppe zones (agriculturally exploited terri-
tories): 1) southern chernozems; 2) chestnut and steppe solonetz soils;
3) soddy-slightly podzolic (pinewood sands) with sectors of deflatable
sands. B. Spotty-fanlike-mottled field (from light gray to almost black
tone) texture, characteristic for desert zone (agriculturally exploited
territories): 1) gray soils and gray-brown gypsum-bearing soils of desert
plains; 2) irrigated gray soils and meadow-gray soils. C. Spotty-annular
or arcuate (almost white, light gray or gray tone) texture characteristic
for desert zone: 1) solonchak-salina; 2) meadow; 3) gray-brown desert
soils. D. Spotty slightly striated-dry chanmel (gray, dark gray tome) tex-
ture characteristic for tropical deserts: 1) red-brown highly gravelly
soils of desertified savannas; 2) soils of tropical deserts with banks
along channels; 3) irrigated soils of oases; 4) coastal lagoons and
swamps. E. Delta (gray or dark gray tone) texture: 1) alluvial irrigated;
2) sandy and rocky soils of subtropical deserts, F. Large-ridged (gray
and light gray tone) texture of photoimage characteristic for ridged de-
flatable and semiconsolidated sands. G. Low~contrast complexly dendritic-
crested (gray, light gray tone) texture characteristic for mountainous
territories: 1) mountain red and reddish~brown soils of dry savannas; 2)
reddish-brown highly gravelly desertified soils of savannas; 3) ridged
deflatable and semiconsolidated sands. H. Spotty-banded-crested (from
light gray to dark gray tone) texture characteristic for mountainous ter-
ritories: 1) mountain gravelly gray soils; 2) gray solls and gypsum-bear-
ing crusts; 3) salt domes

a sharply contrasting segmental texture of an almost white tone is charac-
teristic of alluvial sandy soils against a background of alluvial sandy
loam and light clayey loam sand-permeated soils. A meander-ox-bow lake-seg-
mental texture is typical for alluvial sandy, alluvial solonetz-like, clay-
ey loam, alluvial moist meadow, alluvial meadow-swampy and ox-bow lake
soils.

Alluvial meadow-swampy meliorated soils with a network of drainage canals
have a meander-large spotty texture with regular linear-geometric sectors
of different tonality. Alluvial swampy soils have a complex circular-
spotty texture of different tone. .

From an examination of these textures of the photoimage of the.soil cover
in the steppe zone on aerial photographs it can be seen that there are
types which are encountered in all the principal classes of textures.
These include a spotty texture. Depending on the soils forming it, it can
be large~, medium— or smali~-spotty, circular spotty of different tomne and
contrast with the surrounding soils. This type is encountered rather fre-
quently together with other, also rather widely occurring textures --
troughlike and dendritic.
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] In addition, it is possible to discriminate individual types of textures
- characteristic for a definite discriminated class. For example, class 1
of textures in the northern and central parts of the steppe zone is char-
acterized by a monotonic-homogeneous form, in the southern part —- by a
dotted form. For textures of the soil cover image characterizing halogene
automorphous and hydromorphous conditions of the dry steppe zone it is typ-
ical to observe intricate complex textures consisting of granular, corrug-
ated, openwork and annular types. For class 2 of textures characterizing
a soil cover subject to water erosion it is typical to observe shallow
trough, rill and troughlike dendritic forms; for soils subject to wind
erosion there are spotty, wedgelike and moiré types of textures of a light
or almost white tone. Finally, class 3 of textures of the solil cover image,
characterizing floodplain conditions in the steppe zome, is represented by
a segmental, meander—ox-bow lake form.

Fig. l4. Aerial photograph of territory of water divide and slopes along
ravines in experimental sector of steppe zone. Survey time —--— autumn:

1) winter wheat; 2) fall ‘plowing; 3) potatoes (harvesting in progress) ;
4) corn; 5) stubble (after harvesting of corn); 6) stubble of grain
crops; 7) pasture.
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Fig. l4a. Soil map compiled from aerial photograph of the same territory
of the experimental sector of the steppe zome: 1) typical thick chernozem
with ordinary effervescence, typical thick chernozem with reduced effer-
vescence and typical thick chernozem with ordinary effervescence on loess-
ial clayey loam; 3) typical chernozem with ordinary effervescence, typical
chernozem with reduced effervescence, marmot-excavated calcareous cherno-
zem and slightly eroded typical chernozem on loessial clayey loam; 4) typ-
ical chernozem with ordinary effervescence, typical chernozem with reduced
effervescence and slightly eroded typical chernozem on loessial clayey
loam; 5) typical chernozem with ordinary effervescence, marmot-excavated
calcareous chernozem and moderately eroded chernozem on loessial clayey

loam; 6) meadow-chernozem leached soil on deétrital clayey loam; 7) calcar-

aous meadow-chernozem soil; 8) meadow-chernozem leached and elutriated
soil on.detrital clayey loam. :

. Textures of £hotoimage of soil cover from space photographs. On space pho-

tographs, like on aerial photographs, it is easy to see different types

of photoimage textures reflecting the structure of the soil cover. One of
the distinguishing characteristics of space photographs is that there 1s

a considerable generalization of the detailed structure of the soil cover
on them. Individual details of the soil cover structure are integrated and
in generalized convex form there is manifestation of textures of the photo-
image characteristic for individual soil-geographic regions. Many of the
individual peculiarities of the features clearly visible on the aerial
photographs are blended -into the photoimage texture on the space photo~-

_ graph.
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L. A. Bogomolov (1974) emphasizes that it is necessary to distinguish
uncontroilable and controllable space optical generalization. Uncon-
trollable generalization is governed by the laws of optics and geometry and
is dependent on the photographic scale and atmospheric absorption of the
rays which travel from the soil cover to the survey instrument. In the
case of controllable generalization by means of technical devices the in-
itial photoimage can be tramsformed for a better -clarification of the
peculiarities of structure of the soil cover and fields of agricultural
crops on space photographs.

We made an analysis of a soil map of the southern part of Iran at a scale
of 1:2,500,000 compiled by M. S. Devan and a space photograph of this same
scale., On the space photograph it is easy to trace a spotty-linear struc-
ture of the soil cover of this territory which is associated with mountain-
ridge relief, an alternmation of soil-forming rocks and the formation of
- numerous salt domes. In generalization on a soil map this typical nature
of the soil cover was to a considerable degree lost. Accordingly, space
photographs assist in refining soil maps and discriminating from them the
types of structures of the soil cover on small-scale soil maps.

Now we will cite a number of typical textures of the soil cover photoimage
on space photographs (Fig. 13).

The image of lairge solonchaks - salinas -- is characterized by a monotonic

texture of an almost white tone which has very sharply contrasting bound- -
aries with the surrounding soil units. Small solonchaks - salinas, or meadow

solonchaks, amidst southern chernozems and chestnut soils are reliably de-

termined on photographs from the sharply contrasting spotty or annular tex-

- ture of the photoimage.

- On space photographs gray and gray-brown desert soils have a monotonic
structureless or low-contrast spotty texture of a gray or light gray tone.
The photoimage of mountain soils is characterized by a different complex-

- ity of a dendritic-crested and spotty-banded-crested texture.

et |

On space photographs it is very easy to see a ridged texture characteristic

of the photoimage of deflatable and semiconsolidated sands. The photo-

K| graphs show that the extent of the sand ridges can attain hundreds of
kilometers.,

The image of the mouth sector of most rivers is characterized by a delta

texture with alluvial soils. Depending on the nature of the soil cover it

has a different degree of internal spottiness or a linear pattern charac- -
teristic for irrigated delta soils with the image of primary canals. A

spotty-meandering texture of the photoimage on space photographs is char-

- acteristic of alluvial floodplain soils in river wvalleys. -

On photographs the soil cover of territories in which agricultural crops
are cultivated differs sharply in texture from virginland regions. Cul- -
tivated soils with different plantings in fields of agricultural crops -
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on space photographs have a complex square-linear (sometimes an irregular
form) texture of different tonality from almost white to almost black
tones. Irrigated expanses of agricultural lands are also characterized by
a complex square-rectangular photoimage (but of smaller and more regular

- sizes), corresponding to the cutting of the fields by melioration systems.
The photoimage of irrigated fields situated on gray and meadow-~gray soils
of plains at the base of mountains and in the intermont basins of Central

. Asia is characterized by a fanlike texture of small squares and rectangles.

The image of complex texture of agricultural fields on photographs for the
summer survey season hinders the successful interpretation of the soil
cover in territories which are agriculturally exploited. However, from the
different tonality of fields it is possible to determine different plant-
ings of agricultural crops and their qualitative condition.

An analysis of space photographs indicated that in addition to the complex
multifield square-rectangular image texture of fields of agricultural

crops it 1s possible to determine a striated-gully-dendritic texture for

the territory of highlands (Central Russian, along the Volga, and others)
and trough-dendritic for plains areas. Both these textures of the soil cover
image are related to the presence and different manifestation of the pro-
cesses of water erosion of the soils.

From the pattern (texture) of the soil cover image on space photographs it

is easy to distinguish categories of lands characteristic for agricultural-

ly exploited areas: agriculturally poorly exploited or unexploited regions

of the desert and semidesert zones (pasturing regions); the textures of

modern and anclent deltas and photoimage textures characteristic for sands
= and the soil cover of mountainous areas are also discriminated.

We note in conclusion that the detection of different soil cover textures
from space photographs can be used successfully in the cempilation and re-
finement of a soil map of the world and individual continents with respect
to the reflection of soil cover structures on them.

The image texture of soil-agricultural features on space photographs has
its specific characteristics, related to generalization of individual de-
tails of the soil cover structure.

- One of the most important tasks for the immediate future is an investiga—-
tion of the soil textures of space photographs and their individual com-
ponents making up the generalized photoimage. It must be remembered that
one and the same (with respect to geometric form and dimensions) texture
on an aerial and space photograph can have a differemt content and gen-
esis. For example, a granular pattern of forests on aerial photographs is
attributable to the image of individual crowns of trees; on a space photo-
graph the granularity of forested areas (frequently poorly expressed) is
attr. -utable to differences in the species makeup, the image of individual
curtains of trees, etc. As indicated by the first investigations made for
the purposes of agriculture, study of the image textures of agricultural
fields nm space photos, it iz possible- to make a detailed, differentiated
regionalization of individual regions of the country with respect to agri-
cultural "“nd use, land use and crop cultivation i rms.
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Table 18. Interpretation Criteria for Soils of Steppe Zone of Mongolia
(Table-Key). Survey Period Summer. Aerial Photographs Black—-and-White

Medium Scale - Isopanchromatic Film

10
11

12

13

14

16
17

18

19
20

2

Soil

Relief

Vegetation

—

Topnwe  KamTaxone
MaJoMollkbe  ule6-
nMcTHe

Topiiwe  KawTaHoRhe
cpenneMoutible

Topnste TeMito-KalTa-
HoBbIE

Topnsie uepHo3CMBl

TopHue nyroso-nechhe

Kawranonue Mano-
MOWHBE WeGHICTHIC

Kawrrasiopuie
MOllHbIC

cpenue-

Kawtanossie  COMOM-
neBaTHe
KawTtanossie  BHCCKO-

BCKHNAawoule

Jlyropo-kawrasosie

J’_VFOHD'I(aIIlTaH()ﬂHQ
ocTenHAtoiHecs

Jlyroane
nue

CONOKYAKO-

Cononvaku

[pe6un ropuuix xpe6ToB it
KpyTbie 4acTit  10XIHX
CKA0I0B

[OTRIDT
23
Copiibie cKA0UL cenepHoil

akcnoanuun.  Abe.  BH-
cota 1380—1500 m24

Topinie CK/OHL ceepHOR
IKCTIO3NUHM. . BB~
cora 1500—1800 m25

3aMKHYTHE  KOT/IOBHHH-
HHPKI  BepXHed uyacTH

Fopume  ckaoHI
ELIGRUNTT

CeRepHbX CKAOHOB 26

Bepurisst ysanos u yua-
CTKH KpYTHX CKAONZE

CKNOHB YBAJIOB MEXrop-
HuX KOTJOBHH, cjabo-
ROAHHCTHE YYACTKH_Bhi-
COKHX DARNIH 28

Tlnockne ywacTRit pasii-
Hbl C BBIPAXEHHHIM MHK-
popesvedom 29

[Ipenropusie wneitgu  H
HIDKHHE  CK/IOHB  MEXK-

TOPHHX KOTI0BHH 3

JlokGuuu  BHYTPH  TOp-
HWX KOTAO0BHH 31

JloRGHHb
paBHHH

YBAJHCTHX

TayGokiue yuacTki  J0XK-

6un K neplupcpuggue
4acTH 3anamin
Juuga 3anaann 34
-85

7 Mouant zoprsix

TTonniuHO-313aKOBaR C K-
pOKNM ydacTiem  mer-
podutos 35

MMoawuno-3aakosas

36

Toawuno-anakonast 37 ¢
yuacTHEM Pa3noTpasbs

[MoaLHHO-3/12KOBO-PA3RO-
Tpasnan 38

OctposHbie (epe3o-0CHHO-|
Bwie Jeca 39

[MTo/isiNHO-3MCEBKOBO-KO-
pHIABHAR CyXam ¢ ydya-
ctiueM netpoduitoB 40

[MonvitHo-3MeeBKOBO-KO-

rasoit

TMoauHH0-0COKOBO-3/1aKO0-
Ban cyxas 42

MosnHHO-3Me2BKOBO-KO-
BLibAR CyXxas C Kapa-
ravoft 4

3”8‘(0“0' alHOTpaBHan
pasHOTPARHY Y

Pa3snotpasHo-31akoBas_ |
y4acTHem uiist 45

Jlyrosoe pasHoTpashe,
4ni, upHc U Ap.

ConoHuaxosasn pacTH-
TenbhocTs  (cBepa, no-
TAIWHHK K AP.)

BlAnbHaR CYXam ¢ Kapa-|2:
41
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Fymye | CaCOq| Cysmua| Kpyn- | Yacruum (%)

PH Conel }, #o3eM [5 Pasucpon. WM g Tope, pattern and other
""“;“ % <0001 | <001 | Photoimage Eriteria
13
- Teppuropud
B 8,1 1,561 041 — 14 1 9 [ Crerno-cepuit ¢ APKO-CBETANMH
8.6 0,9 1.6 — 95 —_ — NATHAMH  ochmeR, rpaunub
PE3KO KOHTPaCTHHe 48
B 6,5 30 00] — 51 6 12| MesxonaTaucTuifi prcysox caer-
6.8 2,1 02| — | 53 2| 18 N10-ceporo # ceporo Tona 49
6,3 39| — — 23 1 Il | Onvoponunit cepwit on - 50
6,9 2,0 | — —_ 37 1 17 .
7221 09| - | =<1 15 4| 2
6,6 4,5 16 5 15 | Onnoponund Temno-cepmfi Tqu
6,4 3,0 | — — 30 4 13 (gl
6,6 2,5 | — — 33 4 10
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6,4 7,2 - — 9 3 16 KOHTPACTHLIMH rpansuamy 52
A 6,3 2,2 — — 15 6 26
U MEN20PHOIX KOTAOBUR
7.6 2,01 0,0 33 3 9 | Caetno-cepmii Ton 53
7,7 1,0 0,0f — 18 1 5
8,4 — 134 — 52 12 2]
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Table compiled jointly with G. A. Shershukova,

KEY TO TABLE 18

1.

14,

- 16.

" 20.
22.
23,

24,

Depth of sample

pH aqueous

Humus

Sum of salts

Coarse earth

Particles (%), size mm

Soils of mountain areas

Soils of ridged plains and intermont
basins

Thin gravelly mountain chestnut
Medium-thick mountain chestnut
Mountain dark chestnut

Mountain chernozems

Mountain meadow-forest

Thin gravelly chestnut
Medium-thick chestnut
Solonetz~like chestnut

Chestnut with high effervescence
Meadow-chestnut

Steppized meadow-chestnut
Solonchak~like meadow

Solonchaks

Crests of mountain ranges and
steep parts of scutharn slopes
Mountain slopes of southerly ex—
posure

Mountain siopes of northerly ex-~
posure, Absolute elevation 1,380~
1,500 m

87

25.

26,
27,

28,

29.
30.
31.
32,
33,
34,
35.

36.
37.

Mountain slopes of northerly
exposure. Absolute elevation
1,500-1,800 m

Closed basins-cirques of up-
per part of northern Slopes
Peaks of ridges and sectors
of steep slopes

Slopes of ridges of intermont
basins, slightly undulating
sectors of high plajins

Flat sectors of plain with
well-expressed microrelief
Alluvial fans and lower
slopes of intermont basins
Longitudinal troughs within
mountain basins

Longitudinal troughs of
ridged plains

Deep sectors of longitudinal
troughs and peripheral parts
of swales

Bottoms of swales
Wormwood-grass with broad par-
ticipation of petrophytes
Wormwood-grass
Wormwood-grass with partici-
pation of mixed grasses
Wormwood-grass-mixed grass
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39.
40.
41.

42,
- 43,

44,
45,

46,
47.

48,

49,

50.
51.
52,
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Table 18 (continued)
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KEY TO TABLE 18 (continued)
Island birch~aspen forests 55. Gray tone, moire pattern
Wormwood~bistort-feathergrass 56, Gray tone, siriated pattern
(dry) with participation of pet- 57. Gray and dark gray tone,
rophytes elongated-spotty pattern,
Wormwood-bistort~feathergrass (dry) soil units linear-dendritic,
with caragana boundaries contrasting
Wormwood-sedge-grass (dry) 58. Gray tone, units linear-den-
Wormwood-bistort—-feathergrass (dry) dritic, boundaries con~
with caragana’ trasting
Grass-mixed grass 59, Dark gray tone, form of un-
Mixed-grass-grass with participa- its rounded-lirear, boundar-
tion of Lasiagrostis ies sharply contrasting
Mixed meadow grasses, Lasiagrostis, 60. Bright-light tone, rounded
iris, and others form of soil units, boun~
Solonchak vegetation (seepweed, daries sharply contrasting
Russian thistle, etc.) 61. Sands
Light gray with bright-light spots 62. Alluvial (floodplain) meadow
of talus, boundaries sharply con- 63. Alluvial (floodplain) meadow
trasting ~swampy
Small-spot pattern of light gray 64, Alluvial (floodplain) solon-
and gray tone chak i
Uniform gray tone 65. Mountain slopes along rivers
Uniform dark gray tone 66. Flat and ridged sectors of
Spots of dark tone with sharply central floodplain
contrasting boundaries 67. Overgrown ox-bow lakes and

53.
cel

Slee

Light gray tone
Light gray and gray tone of spotty

pattern boundaries poorly contrasting

88

channels of central and near
~terrace floodplain
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KEY

68.

70.
1.
72,
73.
74,

75.
76.
7.
78.

TO TABLE 18 (continued)

Individual sectors of floodplain near terrace

Psammophytes (milk vetch, wildrye, etc.)

Grass-mixed grass-meadow

Mixed grass-meadow with participation of swampy species and reeds
Meadow-solonchak-1ike

Floodplain soils

Bright-light tonme, cellular-ridged pattern, boundaries sharply con-
trasting

Gray tone, meander pattern, boundary contrasting

Dark gray tone, fanlike-meander pattern, boundary neutral
Bright-light tone, rounded-spotty form, boundary sharply contrasting
None

®kkkkik
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Relief, Hydrographic Elements and Their Role in Soil Interpretation

In soil interpretation on the basis of aerial and space photographs relief
and hydrographic elements serve as important indicatoxs for soil interpret-
ation.

The value of aerial and space materials is that on these photographs relief
and individual hydrographic elements show up with great objectivity and de-
tail. On aerial photographs at large and intermediate scales there is a
diversity of relief forms, Using stereoscopic instruments and stereopailr
photographs the soil scientist is able to obtain a stereoscopic relief
image. A knowledge of the interrelationships between the soil, relief
forms and types, makes it possible to use this stereoacopic relief image as
a means for interpreting the soii cover. S. Mike (1972) notes that a com-
plex method for relief analysis, which is based on allowance for the dif-
ferent nature of slopes and otaer geomorphological elements, makes pos—
sible a correct determination of genetic types of soils, favoring a pre-
cise mapping of types of soils.

On aerial photographs of the steppe zone it is easy to discriminate swales,
longitudinal runoff troughs, rills, gullies, ravines, hills, ridges, dif-
ferent forms of slopes near ravines and on watersheds, water divide areas

and other elements of meso- and microrelief. Relief is one of the landscape
elements through whose image we indirectly determine soils under office and

field conditions (Liverovskiy, 1957; Kalnina, 1965, 1971; Simakova, 1959;
Tolchel'nikov, 1966). In the .'.eppe zone meadow-chernozem and meadow-chest-
nut soils are successfully interpreted from their association with longi-
tudinal troughs and swales, whereas alluvial (floodplain) soils are suc-
cessfully interpreted due to their association with river flocdplains.
Floodplains with different degrees of flooding are distinguished. A high,
rarely flooded floodpiain is characterized by a uniform even Iimage tome;

a low floodplain is characterized by a considerable dissection of the
surface, a well-developed network of watercourses, ox~bow lakes and cut-
off meanders.

It is exceptionally important to take relief into account in organizing
the territory in erosionally dangerous regions. The best basis for this,
as indicated by our work on compilation of a soil map of one of the farms
in Orenburgskaya Oblast, is aerial photographic plans plotted in contours.
Under office conditions they make it possible to judge the exposure and

- slopes of the analyzed territory and simultaneously the nature of sheet,
1linear and wind erosion of soils. In addition to the steepness and expo-
sure of the slopes, from photoplans with contours it is possible with
success to take into account the length and form of the profiles of the
slopes, as well as the nature of dissection of the territory of the gully
and valley-ravine network, In order to determine the degree of sheet ero-
sion of the soil it is important to take into account rills, longitudinal

troughs and gullies, which are detected on photographs with a great accur-

acy. The considerable sheet erosion of soils in Orlovskaya, Kurskaya,
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Voronezhskaya, Saratovskaya, Penzenskaya and other oblastc in the steppe
zone is related to the number of rills per unit area. These forms of lin-
ear erosion are also easily interpreted from the number and also the de-
gree of expression of the rills, which makes it possible to use the photo-
graphs in discriminating on the soil map areas having different degrees of
erodability of territories.

- The method of instrumental interpretation of eroded soils makes it pos—
sible to determine the quantitative dependences of erosion processes on

- a number of factors: steepness, length, form, exposure of slopes, types

of basins, nature of microrelief. The use of materials from an aerial

photographic survey —— contact and enlarged photographs, photomosaics,

photoplans — makes it possible to determine the principal characteristics

of erosional processes.

- The use of photographic materials and stereoscopic instruments can be

of value in measuring the rate of growth of gullies and in determining
their age. Using aerial photographs for a number of years for one and

the same territory (Chervyakov, 1963) it is possible to determine the rate
of gully growth using the formula:

V= Qm - L/n m/year,

where L is a segment measured in the field from the bottom of the gully
to some contour point in the direction of gully growth, visible on the
- photograph; ) is the corresponding segment measured on the aerial photo-
- graph; m is the denominator of the photograph scale; n is the number of
years elapsing after the aerial photographic survey.

By determining the rate of gully growth it is possible to determine its
age using the formula
T = Lo/V,

where Ly 1s gully length; V is the rate of gully growth. The data obtained
on the mean annual growth of the gully network can be used in regionaliz-
ing the territory on the basis of erosion intensity.

Aerial photographs and stereoscopic measuring instruments make it possible
to measure such an important index of relief as slope steepness. For ex—
ample, a map of slopes obtained from a photoplan was used by N. N. Semen-
ova (1962) for compiling soil-erosion maps for individual sectors of the
Tsimlyanskoye and Kuybyshevskoye Reservoirs.

An analysis of relief from aerial photographs makes it possible to study
the dynamics of soil erosion processes. For this it is desirabl. > use
photomaterials obtained a second time for one and the same terr .. ‘ies af-
ter a definite number of years. In an anzlysis of aerial photogi: us of
onc and the same territory of the Central Russian Highland in the steppe
zone, obtained at an interval of 10 years, we established that a high per-
centage of the erosionally dangerous processes remained unchanged. Some of
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the small gullies and the upper parts of the gullies are overgrown with
woody-scrub vegetation. Moreover, from the change in one of the gullies

it is easy to see the direction of growth of a gully and the area affected
by its new branchings.

Applying the principle of geographic analogues, it is possible to predict
- that this gully (if effective measures are not taken for protecting soils
against erosion) will develop into similar gully-ravine areas situated
alongside on this same slope, unsuitable for agriculture. On the basis of
the nature of the relief shown on the photographs it is possible to dis-
- tinguish sandy and clayey rocks. For example, the sandy slopes of ravines
and the bedrock banks of rivers, wind-worked curvatures of slopes and
their brows on the photographe have a flat-rounded configuration of a
light gray or almost white tone. Steep unstable slopes with landslides
are characteristic for clayey soils. Deep and narrow gullies and deeply
incised rills are usually characteristic for loessial soils.

A near-vertical aerial photographic survey makes it possible to discrimin-
ate different types of branching of the gully-ravine network and to estab-
lish the dependence of branching on the form of the drainage basin. In
this comnection this material, covering considerable areas, makes it pos-—
sible to judge graphically about the different types of erosional dissec-
tion.

Thus, an analysis of relief and hydrographic elements from aerial photo-
graphs gives some idea not only concerning the forms of linear erosion

and different stages in the formation of gullies, but also serves as ob-
jective material for characterizing different types of soil-erosional dis-
section of our country and in studying the dynamics of erosional =~ .zsses.

Specifics of the use of relief and hydrographic elements in the interpret-

- ation of soils on space photographs. Hydrographic and relief elements play
an exceptionally important role in the interpretation of the soil cover
from space photographs.

In contrast to ordinary aerial photographs an important characteristic of

space photographs is that their identification and geographic tie-in to

the terrain can be accomplished in a comparisen with physiographic maps at

a small scale. A comparative analysis of space photographs and existing

- small-scale maps shows that the clearest identification of space photo-
graphs is possible from the character of the shoreline, the pattern of the
hydrographic network, the presence of lakes, intermontane depressions,
large dry wadis, depressioms, etc.

However, it must be taken into account that the elements of hydrography and
- relief may coincide only in general features with the image of space photo-
graphs. In details there ca. be discrepancies and even omissions of indi~

vidual indicators. For example, in a part of the territory of the United
States bounding on Mexico it was possible to use space photographs in
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compiling a land use map at a scale of 1:1,000,000. Using the space photo-—
graphs it was possible to refine the position of agricultural lands, the
image of roads, lakes and other features. On the earlier compiled small-
scale materials about 200 characteristic terrain details which showed up on
the photographs were missing.

Depending on the scale of the space photographs, there is an optical gener-
alization of small relief details on the earth's surface on them. The prin-
cipal most general patterns of structure of the earth's surface are mani-
fested more sharply. As we established, on medium-scale and especially on
small-scale space photographs in an optically generalized form there is a
clear representation of individual elements of geotexture and morphostruc—
- ture of the earth's surface, that is, the largest first- and second-order
relief elements. The elements of morphosculpture, which constitute the ba-
sis for indirect interpretation of soils on the basis of materials from
an aerial phoiographic survey, frequently cannot be seen on space photo-
graphs.

On small-scale space photographs of the territory of the Kazakh SSR, ob-
tained during work of the orbital station “Salyut-4," as demonstrated by
- our investigations, there was clear representation of the soil cover, re-
- lief and hydrographic elements of large natural regions and physiographic
regions of Kazakhstan. On the basis of the different photoimage tone and
pattern there was reliable interpretation of a gently stepped plain with
strips of pine forests in the neighborhood of Semipalatinsk, an intermon-
tane basin with Lake Zaysan, the Betpak-Dala desert and the texritory of
E the Kazakh low hill complex, the ridged sands of the Muyonkum, the valleys
and floodplains of the Syrdar'ya, Chu, Ili Rivers, Karatau and Tarbagatay
Ranges, southwestern spurs and ranges of the Altay.

- On a space photograph of the territory of Kazakhstan, on the basis of the

different image phototone it is easy to interpret the difference between
- the northern and southern part of the clayey Betpak-Dala desert. The low-
lying southern part of the desert, adjacent to the valley of the Chu River,
with gray-brown desert soils, steppe solonetz soils, gray soil takyrs
and takyrs, has a light gray image tomne. The northern, more elevated part
of the desert (absolute elevation 200-300 m) has a dark gray image tone
with individual infrequent spots of a light gray tome (takyrs and takyr
soils). The photoimage of the eastern part of the desert (to a consider-
able degree rocky) is characterized by a mottled pattern of a gray and
dark gray tone, emphasizing the inhomogeneous structure of the soil cover
- in this territory.

Areas of sands are represented by a uniform dark gray tone (Aryskum, Muyun-~
kum, Zhetykonyr, and other sands). The photoimage of Muyunkum sands, situ-

- ated to the south of the Chu valley, is characterized not only by a gray and

dark gray image tone, but also by a typical ridged pattern of im~3e relief.
The Muyunkum desert is geomorphologically closely related to the Chu valley,

having a clearly expressed floodplain and two terraces above the flood-
plain, gradually undergoing transition into eolian desert plains. From a
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space photograph there is reliable interpretation of the northern edge of -
the valley of the Chu River with the Betpak-Dala degert and an alterna-
tion of narrowed and broadened sectors of the floodplain characteristic
for the lower reaches of the Chu River. The broadened sectors constitute
intravalley deltas formed in tectonic troughs. The soll cover 1s repre-
sented by gray-brown desert soils, solonetz soils, takyrlike gray soils
- (1ight gray tone), meadow-swamp solonchak-like solls (gray and dark gray
tone), solonchaks (light tone). In the depressioms there are many small
Vi lakes with a bordering edge of reeds and sedge meadows. On a photograph i
they have a pattern of small spots with a dark tone. The depth of soil-
ground water can be determined for such territories (Abrosimov, Vostokova,
1973).

The Kopet-Dag Range with gray soils and the valley of the Syrdar'ya River
with alluvial soils stand out sharply on a space photograph.

- From a space photograph it is easy to interpret the boundary between the

central part of the Kazakh hill country (light tone) and the territory

surrounding Lake Balkhash, having a gray and dark gray image tone and a B
very complex erosionally dissected structure. Small sand hills show up in

a uniform pattern in a dark gray tone.

The photograph image changes sharply to the south of Lake Balkhash. The

Bestas area of ridged sands can be interpreted between the ancient delta

of the Il1i River and the Karatal River on the basis of the gray and dark _
gray tone and the fine-ridged structure of the relief image. The most

= moistened sectors of sands are shown as dark spots against a general gray
background. Along the shore areas of solonchaks appear as bright-light
spots and meadow-swampy solonchak-like soils appear in a dark tome due to
the image of meadow—swamp vegetation.

A space photograph gives a clear discrimination of the territory of the

modern delta from the ancient delta of the I1i River, cut by a network of

dying channels with an alternation of ridged~hilly sands, takyr gray soils

and takyrs. The modern delta of the I1i River with its numerous distribu-
- taries is characterized by floodplain overgrowths of willow and elaeangus,
reed and mixed-grass meadow vegetation, On the photograph these sectors of
the delta have a dark tone of the floodplain-meander photoimage patteru.
The soil cover is represented by meadow—swampy solonchak-1like soils,
solonchaks and gray soil takyrs.

Our analysis of smail-scale space photographs taken from the "Soyuz-~9"
» spaceship in June 1970 and "Soyuz-12" in September 1973 for the Caspian
Sea region demonstrated that amidst the individual elements of geotexture
and morphostructure of the considered natural region it is easy to see the
eastern part of the Caucasus Mountains with mountain brown forest and
mountain cinnamon and gray-cinnamon soils and the northwestern spurs of
the Kopet-Dag with mountain gray soils. On the space photograph it is
easy to interpret the Prikaspiyskaya and Turanskaya Lowlands with gray-
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brown desert sandy soils and poorly consolidated sands. Against this back-
ground it is easy to see the Ustyurt Plateau with gravelly gray-brown
desert clayey and heavy clayey loam soils. On the basis of photoimage
tonality and pattern it was possible to detect negative relief forms --
= salinas and depressions (Barsakel'mes, Mertvyy Kultuk, Kaydak and others)
: with solonchaks and meadow-swampy solonchak-like soils, and also the val-
- leys and deltas of the Volga, Ural, Amudar'ya, Kura and Terek Rivers with
alluvial soils.

The extensive coverage and quite high resolution of space photographs
makes it possible to obtain much information om the gtructural-geomorph-
ological characteristics of the analyzed natural regions and their rela-
tionships to the soil cover of the corresponding geotextures and morpho-
structures of the earth's surface.

Vegetation, Agricultural Activity and Their Indication Role in the Study
of Soils

In the interpretation of snils it must be remembered that the soil cover
can show up on aerial and space photographs directly in the case of plow-~
ing of a territory (fields not covered by cultivated vegetation) and in-
directly through the image of forest, natural grassy and cultivated (ag-
ricultural crops) vegetation.

Different plant associations are discriminated on photographs on the
basis of image tone and pattern (texture).

As pointed out by Viktorov (1973), Vinogradov (1966), Simakova (1959),
Tolchel'nikov (1974), the image tome of vegetation is influenced to a
considerable degree by spectral brightness, composition of the vegetation
and the projective coverage of the soil surface. The same as the image
tone of the soil surface, to a considerable degree it varies under the
influence of photographic and processing conditions. The pattern of the
photoimage of vegetation is considerably more stable and universal.

Considerable plains areas of the steppe zome have now been plowed. In the
European USSR steppe vegetation has been preserved for the most part along
ravines, on the slopes near ravines and on river floodplains. Against the
image background of chernozems and chestnut goils it is easy to interpret
meadow-chernozen soils associated with longitudinal troughs and ravines.
On photographs they have linear-dendritic forms of a gray and dark gray

= tone characteristic for the image of meadow and meadow-steppe vegetation.
The photographs show that the reliability of their interpretation is dif-
ferent in dependence on season and type of used film. On the basis of the
different image of meadow and swamp vegetation we clearly interpreted the
soil cover of floodplains of different genesis on aerial photographs.

In _-e Asiatic part of the steppe zome steppe vegetation still occupies

considerahle expanses in the territory of Kazakhstan, Altayskiy Kray and
especially Mongolia.
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Now we will examine the characteristics of the photoimage of a number of
plant associations and their correlations with the soil cover in the ter-—
ritory of the steppe part of Kazakhstan and Mongolia. In the northern re-
gions of Kazakhstan there are mixed grass—feathergrass—sheep's fescue
groupings on ordinary and southern chernozems (Vinogradov, 1966; Pre-
obrazhenskiy, 1959; Tolchel'nikov, 1966). On aerial photographs they show
up as a pattern of small spots of light gray, gray and dark gray tones.
The light gray spots correspond to sectors with a predominance of tall
grasses and dark gray tones correspond to areas with a predominance of
mixed grasses. There is a rather widespread occurrence of mixed grass-
sheep's fescue-feathergrass associations on dark chestnut soils of a
light mechanical composition which on the photographs have a gray or dark
gray photoimage tone with a uniform or moiré pattern. A dark-gray tonme,
frequently of a dendritic form, corresponds to a quack-grass-brome grass
association on meadow-chestnut soils. Mismed=grass--— wormwood plant group-
ings with the participation of petrophytes are formed along the crests of
ridges on thin gravelly chestnut soils. On aerial photographs they show
up in a light-gray tone of a curving-striated texture.

Along the margins of swales or in troughs well-expressed in the relief
there are meadow grass—quack grass meadows on meadow solonetz-like soils.

The central part of the swales is occupied by mixed-grass - sedge ~ swamp
vegetation. The photoimage tone is mottled, from 1ight gray to dark gray;
the texture is one of small spots. Overgrowths of reeds also show up in a
bright-light (sectors with dry reeds) to a dark gray tone (in the case of
thin stand of the reed overgrowths, when the water can be seen through
the reeds). The texture is circular-spotty. In depressions a dark gray
tone corresponds to salt-loving groupings on moist solonchaks. With the
dessication of the surface crust with salts they show up in an almost
white tone.

On the water divides dots of an almost white tone correspond to excavated
soils at the mouth of marmot burrows with thin black wormwood-camphor
groupings on them., 0ld abandoned mouths of marmot holes, covered by cur-
tains of quack grass, show up as small dots of a black tome.

The investigations which we made over a long-term period in the territory
of the steppe zone of Mongolia {Table 18) indicated that a light gray and
gray tone of a spotty pattern with low-contrast boundaries of the areas
on medium-scale aerial photographs correspond to a wormwood-bistort—
feathergrass association with caragana, formed on chestnut sandy loam
soils. With respect to relief conditions, they occupy slightly undulating
sectors of high plains, slopes of ridges and intermont depressions. The
peaks of ridges and sectors of steep slopes are occupied by wormwood-bis-
tort-feathergrass vegetation with the participation of petrophytes. Thin
chestnut gravelly soils have formed beneath this vegetation and on the
photographs have a light gray -photoimage tone.
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Chestnut soils with high effervescence have developed on alluvial fans and
on the lower parts of the slopes of intermont basins beneath wormwood-
bistort-feathergrass associations of the dry steppe with the participation
of caragana. Due to the microrelief they show up in a black tone of striat-
ed pattern on the photographs.

In troughs on ridged plains and in intermont basins meadow—chestnut and
meadow-chestnut steppized soils have formed under mixed grass-grass asso—
ciations, sometimes with the participation of Lasiagrostis. On the photo-
graphs they are interpreted from the linear-dendritic form of units of a
gray and dark gray tome, having contrasting boundaries. The deepest sec-
tors of the longitudinal troughs and the peripheral parts of the swales
were occupied by meadow solonchak-like soils with mixed mezdow grasses
(Lasiagrostis, iris, etc.). These soil units have sharply contrasting boun-
daries, a dark gray tone and a rounded-linear image form. An almost white
tone is characteristic of meadow solonchaks, dessicated from the surface,
covered by thin solonchak vegetation (seepweed, Russian thistle, etc.).
Poorly consolidated sands show up in an almost white tone of a cellular-.
ridged pattern. Miik vetch, wildrye and other psammophytes are conspicuous.

A number of alluvial soils characteristic for different geomorphological
sectors of the floodplain were successfully interpreted also in the ter-
ritory of the floodplain of the steppe Tola River on the basis of the dif-
ferent photoimage of vegetation on aerial photographs.

A light gray tome of a crested-meandering pattern on the photographs cor-
responded to the part of the floodplain along the channel with a thin mix-
ed-grass-grass vegetation developed on alluvial (floodplain) meadow poorly
developed sandy soils. A gray tone of a meandering pattern with contrast—
ing boundaries corresponds to the image of grass-mixed grass-meadow vege-
tation growing on flat sectors in the central part of a floodplain with
alluvial (floodplain) meadow soils. A dark gray tome of a fanlike-meander-
ing pattern corresponded to sectors cf overgrown ox~box lakes and differ-
ent channels in the territory of the central floodplain under a mixed~
grass vegetation with the participation of swampy species and reeds. The
soil cover here is represented by alluvial (floodplain) meadow soils. Fin-
ally, an almost white tome of a rounded-spotty form corresponds to still
another component of the soil-vegetation cover of the floodplain. In in-
dividual sectors of the part